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APPENDIX A - ENGINEERING, DESIGN AND COST 


I* INTRODUCTION 

Lx to ate of ^ hU evaluation study 

flooding within the Greeneri tv 

there is a Federal interest iZ „i V ®^ ain and to determine if 
study. This appendix contains *5* feasibility 

data to support the etrSctS™? "Sinking, design and ooJt 
Report, Included are descriptions*f P thi*S?2 £ n the Evaluation 
impoundment alternatives a th ? l cted maineteo 

reguireaant b and coat estimatesrelocations 

detailed, raftsibUity-!evel 3° h f lt ^native. A acre 

estimate will ba design Rni * ffi project coat 

contingent upon the deteraiiatl* 1 * f * asibll i } t V study phase, 
lnt “«t - In*th ^Evaluation £&£ *" Fed °"‘ 1 

Resolut i$? o' lc wortV CoLfitt ,* tud * 4,06 granted by 
ReprssantativssoniOMav?^ of _ the House of J 

of November 19G5 i-*_. ^ . * Following the disastrous flood 

West Vitgini; ; OC ' , 1 J P rotsctlon studies underway at Harlin?an 
»easurerjor rMuo?™“;? 1 ^ C S ed towar(l “messing strScturll ' 
elver Gas inf ° ing floo<i a ™*< 3 ™ throughout the ^esnbrier 

locsta(MLi?Vout)S 5 • Tile Greenbrier River Basin is 

■sus.^fsae sv 

ass Jtsrsias*!: 

assr* swas-ss* srsi ses-F” 1 *- 


^ *' a ^TB INVESTIGATIONS 

a. a. „ . 


the 

bai 


“ investigations 

° t n h , 

“ ° r a R-™nnal.., no . study. *J* ” f thl 
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-Itomativcs w a6 considered Including hofld-water dams, tributary 
maineteia dans, local protection projects, floodproofing and 
floodplain evacuation of structures. Hainstoin dans on the 
Greenbrier River between WaFllnton and Ca&s, wv, were the only 
alternatives that indicated a potential for economic feasibility. 

Four potential dan sites were identified on the mainstem of 
the Greenbrier River between Marlinton and Casa, WV. various 
types of dams were evaluated at these sites, and it was 
determined that roller compacted concrete (RCC> dams were the 
most economical* The ROC dams investigated at that time wore of 
gravity type. It was further determined that Sites 110 and 119 
exhibited the most potential with benefit-to-cost ratios above 
unity* 


b* Site 110* Site 110 la located approximately 2 miles 
upstream of Harlinton, WV, on the mainistein of the Greenbrier 
River* The river bed is at elevation 2,132. The left abutment 
is relatively steep and extends above elevation 2,€80 1 the right 
abutment is less steep and extends above elevation 2,4BO. Access 
to the site is at stream elevation on the left abutment via the 
Greenbrier Trail, and on the right abutment via a private drive 
and Airport Road which intersects D.S* Route 219. 


e. S i te li ft - Site lls is located approximately 11 miles 
upstream of Harlinton, WV, on the mainstem of the Greenbrier 

J he river bed is at elevation 2,223. The abutments are 
and e Sfl e iinht e *K wlth 1 the extending above elevation 2,4B0 

2! a fT a ^ Dve elevation 2, SB0* Access to the site is at 
am level on the right abutment via the Greenbrier Trail. 


3. PROJECT PLAW 

co^trol 1 ^ d f a ° B 0 “ S t !S ldy Was on * £ l«<i 

dam at site Iiq fhnt T . 110 and. 119 and a multi—purpose (veti 
The optfoeof^cc S«5f* pr 2 Vlde s ‘ Of /} ood ^tr^stora^ 1 

th * of 2Si«f «ass sEssssr* lst -£«" 
sssss s ss. : LKrlHPsr i 's5 e ^ ? 

alternatives, it beLS assoclat6d benefits for eh. Afr 
control storage was ?!* a JP ar6n 5 th *t the optima ^ . 

3 “ l6Ba th *» tha 5" as ““tS.° r fXMd 
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study- Additions11/, based upon further analysis at the 
Existing design* determined that several iteas could be 

■odlfied for additional cost savings. based upon this 
Information, the District initiated a third phase of the study 
whiSranalyse* a smaller dry dan at Sit* il». analysia 

included innovative design measures as discussed in Section a. 
Total project costs are discussed in section 15 of thia appendix. 



4 , TERKITf0l/M31f 

Terminology used in describing an arch-gravity dam and roller 
compacted concrete construction is defined belowi 

a* Daa 

An ARCH-GRAVITY dan is curved in plan only and has a vertical 
cross-section similar to that of a gravity dam except with a 
steeper downstream face* The stability of this type of dam is 
achieved by the combined effect of its mass and the arch action 
that transfers a portion of the resultant forces into the 
abutments* The layout of the arch-gravity dam is developed by 
establishing the crown cantilever geometry, the axis radius and 
the line of centers as defined below. 

The CROWN CANTILEVER Is a vertical section located in the 
deepest part of the valley and defines the vertical control of 
both the upstream and downstream surfaces of the arch-gravity 
das* 

The AXIS of an arch-gravity dam is a circular curve in the 
horizontal plane and is defined by the intersection of the dam 
crest and the upstream face 

The LINE OF CENTERS 1 b a line in space which is the locus of 
centers of the circular arcs describing either the downstream or 
the Upstream face of an arch-gravity dam* 

The REFERENCE PLANE is a vertical plane Which passes through 
the crown cantilever and the axis center. 

A CANTILEVER ELEMENT ie a section of an arch-gravity dam 
defined by two vertical, radial planes. 

An ARCH ELEMENT ie a portion of an arch~gravity dam bounded by 
two horizontal planes 1 foot apart* 

A SINGLE-CENTERED or CIRCULAR arch-gravity dam 1* one Whose 
cross -sect lone ore defined by two radii (I.*., one 
Patrsan radius and one downstream radius) * 


A-3 
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. rmiFORK THICKNESS ab^ 1s * n * rcl1 whose thickness 

Peiufs constant fro® the reference plane to the abutments. 


b. jailer co mrir fH Concrete fflCC^ 

jtcc i* a M-alunp^ extremely dry concrete that can toe rapidly 
placed and consolidated toy earth moving and embankment compaction 
equipment* 

BEDGING MORTAR r approximately 1/2 inch thick, is placed 
between the successive RCC lifts,to assure bonding and water 
tightness at the horizontal joints, 

FACING ELEMENTS are of conventional concrete and may be either 
cast-in-place or pre-oast. They are used on the exposed surfaces 
of the dam to prevent deterioration of the ETC due to freeze-thaw 
cycles and may be used as a liner for gallery walls. 


5. DESCRIPTION OF DAM AND TYPE OF CONSTRUCTION 

mie to its arch action, an arch-gravity dam is more slender 

b tu B than f 9™ vit y da ® of equal height, which 
provides savings in the amounts of construction material and 

alteraitiv^ F °r this study on the 5" flood control storage 

SU J !: a dWtt a vertical upstream face was used while 

aectifih £ l J 11 * downstream slope of the spillway 

material quantities ° The^n^fSi-h 6 5° E&ible to minimize the 
feat, and was determined*^ 0 ? ^ dth daia was se t at 15 

stability, const^Sib?U? y favors including structure 
Exhibits Ho. and P°3t-construction access, see 

sectians. After estSliSiS%S“; OVair £ iow ? nd s P^ay cross- 
dan f 0r each &pecifi t™ 111 * the geometry of the arch-gravity 

* <*• Kvsirjs&sasr 1 »«aar" ■ 

d StlB filtsg lift 

SS 5 * feafflTVS* to H cc 

spreading anrf ^ Ther^ ie wide valley bottoms and 

efficient RCc coSK =tion e< I^ipiaant SSi£h B ?? Ge to man suver the 

area for stagin q !£^^ lgtl * Both sita£ »i° ffetrS ? Potential for 
dam is raised by * to *age d£ c cnstru^?i'^ Q pr ? vidfi sufficient 
concrete in « to astariale. An RCC 

redistributes the earthwork ° f "^ro^slump" 

«»ter^aaj.^s.asss' 

lcl1 the conventional 
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metnods large volume placements. in order to maximize bona 

«nd water tightness at the interface between the succesalve RCC 
lilts, a thin layer of bedding mortar 1 b placed immediately prior 
to the next RCC lift* A conventional concrete facing 1 b used 
mainly to protect the RCc from the effects of freezing and 
thawing. This facing can be cast-in-place concurrently with the 
RCC lifts, or installed in pre-cast concrete panels. Gallery 
construction le typically accomplished using gravel or sand-fill 
replacement, or conventional concrete facing. When locating the 
drainage gallery in an ECc dam f adequate space must be provided 
for RCC placing and compaction equipment in all areas adjacent to 
the gallery. Also* to keep the disrupt ions of RCC placement to a 
minim”™, the number and locations of the contraction joints must 
be optimised. 


6. DRY MR SITE SELECTION 

b* General . As previously stated, the initial phase Of the 
Evaluation Study focused on the identification of the most cost 
effective site for a dry dam that would provide 5" of flood 
control storage- This comparison was limited to the items that 
varied for each dam site. These variable items included real 
estate acquisition, access roads, and dam quantities such as 
M excavation, foundation treatment* and construction materials. 

™ The rationale for this approach was primarily due to fiscal and 
time constraints. 

For the purpose u£ this initial evaluation* it wa& assumed 
that the cost of the following items would be similar for either 
dam site: outlet works; operations building; buildings, grounds 
and utilities? construction clearing; relocations; power* 
engineering and design? construction management? and mitigation. 
These items were not developed for this initial cost comparison. 
See Exhibit Ho. 1 for the overall site plans for both dam sites, 
pertihent data for the dry dams are listed below in Table 1. 


'Fftwir.p. i - Dry Dam Pertinent Data 


Dry Ham 
site 

Top of Dam 
Elevation 
[NSVD) 

Spillway 

Crest 

Length Along Axis 
(ft! J 

Width (ft) 

Crest El, 

110 

2324.5 

340 

2276-0 

1,491.2 

119 

2411.5 

345 

2366.0 

1.476.5 _ 
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b, site lio . 

i. Qul* The crest length along the axis measure® 1,491.2 
feet. The dam foundation has a minimum elevation of 2105., and 
the top of dan is at elevation £324.5. This site requires a 340- 
foot-wide spillway with the crest at elevation 227 6. The 
aggregate source for this site la a commercial quarry located io- 
nllefl from the project site. See Exhibit Ho. 2 for the general 
site plan. 


11. Access Roads. Access to the base of dam requires 1.7 
niles of on existing private road to be upgraded to a £4-foot- 
vide aggregate haul road, and the access to top of dam requires 

«£• 14-foot-wide aggregate haul toad to be constructed 
through a wooded area. Upon complotloh of construction the haul 

;r: c £“ £ oporaUons and p-™r 

c. Site 11?. 


feet -?!* ™ t length along the axis measures 1,476 s 

the top^f L* int a ele?ation\?S i s U111 S£? vat *°" ° f i200 ' and 
root-wide spillway Jith thS^rest si ^ fe^ires a 3 45- 

dlmf e o a e! ni i 2 ^ : |^ S t J e b ^^ c,1tf a E^ the right abutment of the 

transported to the Ste cSSJeSPSEE* wil i b * ^ ari ‘ i * d and 

for the general site planT G<5 ™ e Y0J- system. See Exhibit Ho. 3 

require to to P the base of dam 

24-foot-wlde aggreg^t! h Trail ba u P^aded to a 
the ftgg r6gilte EStSTj* n additional a. 3-miles of 
upon completion of ?? constructed through a vooAed lt^ 

operation « *i*S2S£’££ a t % wil1 >» ™2/ta 



^^^^^coEtCompari b on 


Varlabli 


Real Estata 
Dam Quantltiej 


Earthwork 
S^tba 
■ Sgg j Cam . 


Total 


.Feature i 
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Xiong Axle 


Width(ft) 


1,476,5 ft 


2760.0 


2413,5 


Flood Control 
[pry)Site 119 


'seasonal Fool Elevation 2149,0 


i. Dam. The dry dam features were described in Section 
above. Exhibits Ho- 1 and 3 depict the overall and general 

site plans. The non-overflow section will require 2 23,0OG ^ 

yards of RCC and 43,100 cubic yards of conventional concrete- + 
The concrete aggregate can be quarried above the right ahutm 
of the dam and transported to the site by a conveyer over a C . * 
mile distance. Potential aggregate sources are further discussed 
in Section 12 of this appendix. 

ii. Spillwav The overflow section will consist of an ogee 
type ungatedepillway with e flip-bucket energy dissipator. * 
concrete splash pad will be provided for downstream scour 
probation and to prevent undermining of the foundation during 
•PUlway releasee. The overflow section will require 206.000 


TJl&t.e. 3 — 5" Storage Dam ftltBrnativeS_Fegtina nt^>ata_ 

m. Type Top of Dam spillway _| 

Elevation 


Dam Type 
and Site 


j c jf, fiel ^etlop. As shown in Table 2 t the eost 

,5'■ t iVe dry dam site ia site 119 due to lower dam construction 
“Kiaa Also, due t* the proximity of the aggregate source. 
Of U ./flit. U*. «*• *» 

less real estate and short or acoe®» roade, but the 
’resulting cost savings were negated by the larger dam 
construction quantities required at this site. The estimated 
living inSelecting Site lis over site HO approximately 

*1 2*^.1 lion, h* se * on variable project features for dry dams 

either site. Therefore, site 119 was chosen for the 
development of the 5" flood control storage dam alternatives. 


7 , 5 - STORAGE DAW ALTERNATIVES 


n General- The 5" flood control storage dam alternatives 
*nclude * multi-purpose (wet) dam end a flood control (dry} dam, 
both at Site 119* Pertinent data for these dams are listed in 
Table 3- 
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cubic yards of RCC and 24,000 cubic yards of conventional 

concrete* 

m. iMUttJMei-._-gy.ytut works „m consist BC th» e 
»-ft by 15-ft sluices control led by caterpillar service gates, 
housed in and operated from a downstream control structure 
Immediately upstream of each service gate * recess will be* 
provided Cor an emergency gate pat will be shared among the 
sluices. aluminum stop logs will be provided upetream^or 
maintenance closure of the sluices. A conventional hvdraulif-- 
ipp type stilling baein will be used for d^treim ^y 
dissipation of sluiceway flews. vjr 

ive Ac cess Ro a ds - The aggregate ham roada for this site 
described above in Section 6, will be retain^ 61tB ' 

maintenance or the project, but not for operations and 

use as the maximum slopes in th«2 J>Z* 3 

Resident Snglneer'e office and the BatMiJi. i?E P 5???\f °*‘ 

*™3 maintenance buildings upcn comnlctloi ^f **" 

construction and .ill be accsssibS via th^clss°?oal 

c - EJu te 119 Hulti-pgr p osE Datn 

M&suru 1^76. wt CX ?ha **“ «clfl ot the das 

d f° will be founded on^uitX^J^ ^ at ^^ticn 242 t7o, The 

3 * 3 !“”.“ c ?: s « Sootiest “!,? ee ? e£t section it 


swems- sffzsz : 

sks^.*** «*'‘•Kirsns^sitaSs v j n «*>*»• 

«»«?■ 

Outlet Hn. 1 ,. 


■elective w *U have*?!* 1 * 11 "* to tiie top ° f 4 

S^sSs^asv g 

Hites y$r* Sut > ~E*as ^ wt 

**• Etiiu ^ ^<^ 5 ^ f °- 

«0 _ V e ' < ' ulio ~J“»*> 


sjajaa^ -s—v 
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B< 4" STORAGE hftV OhH ALTEteNj^IVE 

a. general- A^tar a n Initial analysis of engineering and 
economic data, it became apparent that the optimum sire dan was 
no longer one that would contain 5* 1 of flood control atorage, but 
some dora of a smaller else. Based upon the initial benefit 
stream, r dry dam containing 4" of flood control storage would 
present the best opportunity for economic feasibility. This 
third phase of the study utilized Innovative design and cost 
reduction measures such as minimizing the RCC non-overflow dam 
section, removal of the foundation grout curtain, and designation 
of the Greenbrier Trail as construction and operation site 
access, pertinent data for this dam is listed in Table 4. 


Dry pan Alternative Pertinent Data 


Spillway 


Crest 

Length Along Axis 


width(ft) 


i. fiaa. The arch-gravity dam p ae discussed in Section 5, 
was modified through the following design refinements: 

£1) The crest of the dam is at the maximum flood control 
pool elevation (El. £404), and a 3-feet high parapet wall brings 
the top Of dam to the elevation shown in Table 4, The 
hydrostatic loading begins at the crest of the dara (top of pool) 
so the parapet wall is needed only to provide freeboard for wave 
iction* 


. f 2 > T1 « crest width is 15 feet as in other alternatives 

out the downstream face of the dam is vertical for the top 25 
ieet and then has a slope of 0,45 h, to l.o v. This ctoss- 

shape makes more efficient use of the concrete* The 
am structure 1 analysis results show relatively low stresses, 
f refinement of the shape must wait until more detailed 
geological information is available* 

reciui A foun dation grout curtain for a dry dam is not 
undpi I * nca * permanent pool will not be maintained. Seepage 
inteq r I + S° ACr0t<! arch-gravity dam does not threaten the dam's 


construe?? measure ® provide a 154 savings in the quantities of 
non^Qve^-ii n mat erial and excavation. See Exhibit No, 7A for 
riDW * nc * spillway cross-sections. 


Dam Site 

Top of hen 
Elovation 
(WGVO) 

119 

2407*0 
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Ths erut length oloufl the nxim mnn roil l,42S,9 fa*t. The 
roundntioji ha» " of J 2 < 10 , and tho tap of 

jj,- j p nt elevation Thieplto roquimp a J 1 0 -foot-wldo 

Sliway with tftp cr*at at elevation 2J5n, Exhibits Ho, G end 7 
daolet overall and general site plans, n» non^ovorflow 
ilStion will 145. O00 cubic yerdo of rcc and 41,100 cubic 

yards of opftv*ntJ«ial concrete, liw Concrete n^iuuato can bo 
miarrlfld above the right abutment of tiho da* and transported to 
th* sits by a conveyor over a 0 , 0 -nllo distance. Itatsntiai 
aggregate boufosb are further discussed in 13 notion 12 of this 
appendix* 

li. soillwav , Tho overflow section will consist of an ogee 
type unvoted spillway with a nip-bucket urcrgy dlnelpntor, A 
□ondcet* uplaah pad will ha provided for downstream scour 
protection and to prevent undermining of tho foundation during 
epillway releases. Tho overflow section win require l?9,ioo 
cubic yards of EK?c and 19,900 cubic yards of conventional 
concrats. 

ill, Btitlat ViorKg, Tho outlet works win oonsiat of throe 
0-£t by IS-ft oiuicns controlled by caterpillar servlc* qates, 
howsvd In and operated from a downstream control structure, 

Itmnodlfitoly upoti'vna of each uervico gate a recess will be 

^ ^rarT4r:iS^-Si,ajs2ja ~ 
'SSruSr.il 

ef ffilSEj Sil.? U downstream energy 

will be uticij afl fl QitS^aocnnB the Greenbrier Trail 

tho pjejsct. VsliloulS tWttE °^ rat lono of 

downatrona o r unut™™ rfl ° 0011 access Site 119 from either 

J“5"U ths aite from up«trea» trU ^ i0n ftI,d equipment will 

^udi S rs^;^^jinb.io». ^• i SpS“u;s! i ^ t ;:iSt f ss; c , 

~Sr 

• Mu - s “ 

*■ avnftOLooy inn Bta . 

HVUhMJLlCa 
Wdandus 1 , 

SJ5J; ■*$ th« hydrauTS 1 detail tk 1 

Cii:. a «K" «2“JSK2. l 9v «r th. dr.i„.,. 

' flood probabi, g UeaLela f vy rtojsot features, The 
UtancUrd PrcJ.ot *SSl,rBa2?'^«S*« 1 

•iopXent„ blood and 

Vdrawlio design studi 


Tho 
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muQiv&d atVlQPMlt of vatar surface profiles with and without 
fha dam, apillvair rating and optimisation, cutlet Works deuign, 
rlocd routings fcr determination'of top-of-dam elevations, 
detenuination of tailwater rating curves, and diversion atudle*. 


10* SURVEYING AND MAPPING 

The evaluation study dosign was conducted using existing 
mapping of the dam sites and trscs quadrangle (quad) shoots. The 
ouad Eheets are to a scale of i-inch - 2QQ-ft with a contour 
interval of 40-ft and dated 1*77 . Site HO mapping was flown in 
Anril XSSI to a scale of i*i n ch - 50-ft with a contour interval 
Of 2-ft* Site 119 mapping was flown in April 19SB to a scale of 
1 -inth - *0Q-ft with a contour interval of 5-ft* New mapping of 
the project area Is required before the feasibility design can be 

completed. 


11* GEOLOGY 



a* Regional Geolocv* 

i. Physiography . Pocahontas county is contained entirely 
within the Allegheny Ridges and Allegheny Plateau, both 
subdivisions of the physiographic province named Appalachian, The 
Allegheny Ridges sub-pro vines includes the sharp-ridged mountains 
southeast of the Greenbrier Eiver, and the Allegheny Plateau sub¬ 
province includes the low-angle or nearly horizontal rocks 
northwest of the ridges* The Greenbrier River is entirely within 
the latter* 

ii. General Geology of Study A rea. The surface or 
outcropping rocks of the Greenbrier River Basin within the area 
of interest include the lower portions of the Mississlppian and 
upper portions of the Devonian Systems of Paleozoic age as 
follows: 

Mississippian: 

Greenbrier (Limestone) - Sit*proposed quarry 
Maccrady {shales, clayetones, slltstones) t 

Pocono {Shales, sandstones, Claystonos, SiItstones) 

Devonian: # 

Catshi11(shales. Sandstones, Claystones, Silt*tones) 

'Present in abutments and/or valley floors *t sites 

The Greenbrier series of the MiBsiselpplna, the topmost 
strata of study interest, contains up to about 600 feet of rocks 

* re Predominantly calcareous. Limestone is the principal 
cit type, The limestone ie quarried commercially. In the 


A-11 
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vi^itr its kHj.t ;jy^u rafi * rft found in * beIt two 

to three *11*® northwest of and roughly parallel to ttl0 
Crrfl^fierHivarJo go Exhibit ita. 12 Kegi onal aoolffg ic Mop), 

3 tot proposed limestone gufirry to bo develop*^ near site lii to ouM 
produce etone ftote the Greenbrier Beries. * ould 

The outcrop of the Haccrady Berios of the i„ 

found lamedlately beneath the Greenbrier Series it 
a very narrow belt, one to two miles northwest of th« in 

Rivor, where it attains a maximum thickness 0 e -hrtut an 
Shale is the principal ruck type. ot ** out 50 f * et - 


the Poceno series marks the basal maW ^ 

K^.lppiu, It entang* in . nne 

immediately northwest of the Greenbrier DeAt 

present at Sitee llo and U9 are comprisad of th a b LJ £X:,t 
and the underlying CatskUl Series The r™ ^ F f Cono Series 
of coarse, reddish-brown MndrtSSi, 

cangioseratio. With brown, bluish-crav = ™cross-bedded and 
shales, el ay stones and siltstones,* At'otW r *d, sandy 
can tain some impure and lenticular coeis^K locations the series 
significance have been ft>Ufld at oithe? 1 ^^^ site COttle o£ “"S' 

saSSaSaSiv&as: maj- 

2 =a a-fidKSSS?~ 

top £ ^lP!^ a ^^6Gnted a aE Q E^ihft 1 H Jy and st ™=t U tal 

^rth 1^"^“ structuralV°' * 2 ‘ As 

1 . **»- « «,« 7 ta s dwra *^S. u.f A “ 
S 2 g' 5 ? : ^i& in «» °**y 

Wol°9ig^ " ot °» *Sfinr e ““ffleiln^L ; OW 2 s ““"SS 

completed it' th ? vld ®nce ot*? 1 ?*9nituds to hf°i U=e s0 “ e minor 

' ?StS„2 e **"- 

pr*^“ 1 ^ d.t.„i na 

*it« _ « «r *trv=tur al 


^ ** S 5 SS&s?a - - 

tdfll *h brow^^* *}*y*ton es# 
A-u nd bedded. 
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rue asndetones or* primarily fin* to very fina ^riitnod nnd thin 
bedded* The bade vary laterally orud a tv somewhat dlrflamt 
correlate, but overall are comparable to many sedimentary b^l* of 
similar lithology throughout the Appalachian Plateau. No 
limestones or ooal* were encountered at either proponed dam axis. 
The bedrock is generally eomawhat weathsrad from top or rook to 
about ton to twenty feat of depth. Due to the steepness of the 
topography and lack of reasonable acoeee, no subsurface 
exploration wao performed on the loft abutment (looking 
downstream) a t either cits. Bedrock charactorletioe of these 
abutments are as Burned comparable to those encountered in the 
right abutments* 

i, pits 110 * A geologic section depicting probable 
bedrock conditions at the site is Included as Exhibit No. 13 * 

Most of the drilling was completed at the original (upstream) dam 
axis, however it was later decided that topographic conditions 
were more favorable for dam construction about 1200 feat 
downstream, and the proposed axis was moved- 

ii* site 119 , The geologic cross section for Site 119 Is 
included as Exhibit Ho. 19, The bedrock lithologies are 
comparable to those encountered at site 110, and are 
representative of the rock types described in the discussion of 
the catskill Series, The overburden is generally no more thsn 10 
feet thick along the abutments* The rock at Site 119 dips 
approximately 1 to % degrees (northwest) , in comparison to the 6 
to & degrees dip at Site no. 

c* Engineering-Geolo g y Consi deratlonp. Ho rock testing for 
the purpose of determining design parameters hen boon initiated 
to date. It le esaumed, based on experience with similar rock 
units throughout the District, that the lithologies present in 
the abutments and valley bottom at both site# will provide 
suitable founding for the proposed roller compacted concrete dam. 

d. Foundation Treatment * From five to twenty feet of 
weathered or otherwise unsuitable rock is expected to be removed 
from the abutments and valley floor at both sites. Since th* 
area has been tectonically influenced by the same forces which 
created the Brown*a Mountain Anticline and other structural 
features to the east, the possibility exist* that minor inactive 
faults will be discovered during the excavation which will 
require additional treatment* 

The multi-purpose da* at flit* 119 will require * grout curtain 
to provide for positive cutoff of seepage around and bmnmih th* 
structure. As a minimum, * two-line grout curtain, extending 
Jhte the foundation approximately two thirds the height of the 
^Ul be required throughout the foundation area. Additional 
lines win be required in the valley bottom, and In ieolsi- 5 

**■ of particularly high grout taka* Ho water preesur* testin'? 
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cf the foundation Jiae i>ten performed to data, but is planned for 
future exploration. 

a. tedSMtem- All of Pocahontas County u es vithLll the 
^formed Appalachian Highlands Baismotectonic region sevantv- 
foux earthquakes with epicentral intensities that exceed wII/m#* ^ 
Kercalli Intensity IV (MM IV) occurred i n this rL?™ bat!S?i fied 
1844 and 1977 (MRU and Law, 1SS0) . An addSionfl ^ 

earthquakes of equal magnitude occurred bet£ee£i 9 ??^S? W7 
(U.E.c.S*). Tfto largest earthquake was of epiSenSal 
KM vrl-VIII on May 31, 1897 at Giles County 
tiles county Seismic Source is located epproiilnJlT!! 1 ?^ T?® 

(lis kilometers) southwest of Marlinton. 

Deckel [1970} shows that the Marlinton area i 1 

experienced an intensity of Mm v-vi from the 
From several earthquake motion curves used 1&9 7 e y en t. 

studies conducted for the Huntington DistrJ^? ® ei ffflological 
Bailey and Bluest™ Dams), an MM V-VXflft* (principally R r D. 
study area would produce a pSk hollzoJ.ll I**^*™** Ln *** 
between 0.06 and O.OSa, a neat hftrU^r, acceleration of 
a cm/sec, and a duration of about * to 

recommends a 6eiBnic coefficient^ oi nT* *' E * mo-3-ieOG 
structures in lone ccnse^lStlv n 'JS 9 a11 terete 
desi ^ n c °h,sidQr^tions y " Work 5 ,/ 111 be used iri 

non 2 rilll «9 since Site JlO will 

sir-w“SS;-X"a : S , ; S3: -‘"“s m 

^Itiate studied dete tmine the ft abut ments, iaeluiii, 

v ®rticai j-JT a J ea on ptevain Presence of AXiC 4 u aing some 

*w4hE S! ^int orientation^ ’ ^ to 

-5S!rK« f Stk'ZX?' « c^tt^^M*b. 

aa ^Stasfisrs 

test "" Eonditions 

‘■^^sggffiasr*- 
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ia . CONSTRUCTION MATERIALS 

a, £££&££1- CoriB trustIon tartar Lais required COr hath site* 

consist of cement, fly ash, crushed stone for coarse aggregates, 
natural or manufactured ennd for fine aggregate, and larger sire 
stone for slope protection (riprap), cement and fly anti will 
most likely be doliverod to the site by truck*, but could also be 
partially transported by rail and than by truck** The ntmrest 
know ceaent source* are located about 2 00 Bile* from the 
project. Fly ash iB available from tb* power plants along the 
Kanawha and Ohio Rivers, with the closest known supplier being 
the John Amos plant near st. Albans, ffv. Aggregate and riprap 
availability and requirements for each site are discussed below* 

b, fnarae Aggregate site IIP , In accordance with ETL 1110-2- 
343 and EM 1110-1-2006 aggregates for RCC should meet the earns 
standards of quality as required for conventional concrete. The 
rock material that will be obtained from the required foundation 
excavation at the site does not appear to be Of suitable quality 
for use as coarse aggregate in the project concrete. The closest 
quarry currently operating is Seneca Quarries, Inc*, located at 
Mill Point, wv, approximately 10 miles from Bite 110* This 
operation mines the Greenbrier Limestone Formation and produces 
crushed limestone for coarse and fine aggregate. 

Additional potential quarry sites are located from four to ten 
miles from the site* h dormant quarry capable of producing 
suitable aggregate, also owned by Seneca Quarries, exists on 
Price Run road, approximately 4-5 miles from Site 110, Because 
of proximity and suitable access, redevelopment or expansion of 
this quarry may be an economically feasible alternative for 
supplying coarse aggregate to the site* Another quarry, owned by 
the West Virginia Department of Highways (wvooHj , is located near 
the community of Edray* Stone from this guarry appears suitable 
for an RCC dam project, however, the operation has been dormant 
for several years* According to WVD0H representatives, the State 
might consider a Government purchase or lease of this property, 
but the locally available commercial sources would likely prove 
more economical. Additionally, it appears that new quarries 
(either Government or private) could be developed in the 
Greenbrier Limestone Formation at several locations in tha 
vicinity of Marlinton if the dam construction creates a demand 
for aggregate. 

c, Fine Aggregate site 110 . Fine aggregate for use In the 
project concrete may be either manufactured or natural sand- The 
quarries discussed above may not be capable of producing 
traditional gradations of manufactured sand in sufficient 
quantities because of unavailability of water for proccseing* 
However, a higher percentage of fines (passing 1200 sieve) is 
deairobi* for pcc, which may allow the use of Cine aggregate 
Ejected to leas processing. Natural sand is available but at 
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-*id*rablo distance froatue site. Ready mix concrete plants 
f° n +he S ar*B indicate th*t their eancl "ourcos are located In 
either Thomas* WV or How Castle*VA* approximately 00 to 90 miles 
froa narlinten* 

coarse jwiraaat fl plte 119« The nearby hilltop borrow area 
has been designated as the source of coarse aggregate for Site 
Vi* The required quantities are available here, ; and the rock 
appears to be of high quality. The quarry in located within the 
Greenbrier Limestone Formations .jfo laboratory testing has been 
Initiated to data* hut the Formation is, a well known source of 
high quality aggregate in the region. 


e. Fine Aggre gate Site 119. A portion of the required fine 
aggregate for Site 119 oould be obtained from a by-product of 
processing coarse aggregate In the hilltop borrow area. It 1 b 
estinated that fifteen to>twenty percent of rock processed to 
produce coarse aggregate is reduced to sand sissef however* 
washing will likely be required to remove some of the dust. 
Conveying crushed stone to the staging area for processing* Where 
water from the river is available* will be given consideration. 

If enough suitable manufactured sand cannot be produced natural 
sand can be transported to the site from the sources discussed 
above for Site no. 


. ^F,.- Either PI*- . Riprap vin ii* ely bB 
•apply aggregate ^ qUatrr chose " or Sloped 


11. HAZARDOUS* toxic and RADIOACTIVE WASTES 


adjacent to a particular Stt h ?? atd ° Us vaste incidents on or 

which la dSined L *** fQCUs of this is on th 

3S , « s-SSyss tMaw s?~ 
■S 22 , S^S~ =3S ' a? SriSi 

mderetoS th£j “ ould tdvwmiy sources within the 

required prior Phase r Site a* 6 i® 

Und u*l t acq^ieittf® e * Sn,e *i G vilX be 

physically i ^ ordor to document 

P Ct ^IviSttarSSSS histories* and to 
Current land UK p P^rty to be acquired, 

primarily reaia™ the fi u, 4 


—^ -Lnaividual T ««™-ies, anc 

Current lana UK p P^rty to be acquire 
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0 MpasirtitUs Casa, Frame, and Bartow, We&t Virginia. a rom* 

ch#Eap-®* Se ftIlca f nio (CfiO) railroad enibanltBieat, abandoned Lti 197a, 
travarfiee tJio site and parallels the study area* Industries 
within the study area include a leather piecessing plant and a 
iupberyardp 


The Toxic Release Inventory Systaa (THIS) which contains 
information on the industrial release and/or transfer of toxic 
chemical■ as reportable under Title HI of the Superfund 
Amendments act of 1386, and the Comprehensive Environmental 
Response, Compensation, Liability Information System 

fCEKCLIS) which ifl a compilation of Known or suspected 
uncontrolled or abandoned hazardous waste sites, tooth listed 
Howe's Leather Company, located in Frank, west Virginia; several 
large industrial waste ponds surround the Bain plant <1973 and 
1990 aerial photographs). Potential contaminants associated with 
leather processing include primarily ammonia, heavy metals, and 
sulfuric acid* This establishment has previously been 
investigated by the United States Environmental Protection 
Agency, but as of 16 November 1993 had not been added to the 
National priorities List* The TRIS also identified another 
business, Judy Fencecraft Incorporated, a lumberyard in nearby 
Bartow which produces various wood products* Reported 
contaminants associated with wood preserving include various 
chromium, copper, and arsenic compounds. Again, these two 
companies are located on State Route 250 along the East Fork of 
the Greenbrier River nearly 20 miles upstream of the dan site. 




Another reported liability within the study area was Murphy's 
Body Shop located on Deer Creek of the Greenbrier River in ©oyer, 
West Virginia* This facility reportedly handles sufficient 
quantities ( 200-3200 lb per month) of hazardous waste to be 
considered a small quantity generator according to the Resource 
conservation and Recovery Act (RCRA) * Reported waste streams 
include RCRA wastes containing spent solvents possibly used in 
de-greasing* The West Virginia listing of underground storage 
tanks and leaking underground storage tanks reported no incidents 
at the site. This business is located northeast of Cass on State 
Route 2S approximately 15 miles upstream of the dam site* 

b* Summary. The only environmental considerations existing 
at the dam site 119 are related to the shallow soils immediately 
adjacent to the abandoned Cio railroad alignment. Potential 
contaminants include common herbicides and creosote. Since the 
railroad was abandoned, the former embankment was converted to a 
paved hiking trail and the rails, ballasts, and ties have 
subsequently been removed and replaced with new ballast, 

^terefore any remediation required should be minimal, In regards 
J Btudy three sites identified during the database 

aharsd ln 4ddlti - on to limited sampling and testing along the 
*declua? &<a ra iIroad embankment, would require, at a minimum, 

^ate sampling and analyses to determine what impacts, if any. 
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14. Rfltf)£ATlONS 

fllTlhirnYf " nd ftpadfl^ Tlwra nro a*vq r al Wont Virginia 
rofl Js r in the upper rottchoi or lioth the dry dam and the multi- 
purpose dam impoundmenta, that aro affected by flooding to the 
npillvay craata. TJiobb roada an Under the juriadiotiem of tha 
Meet Virginia Department of Hlghwaya (WVtwnj and are part of the 
Pceahontem County Numbered Houto (PGUP) uyntm. It ia ofopoiad 
that all waat Virginia roada affected by tha project** ba 
abandoned without replacement within the Government Aoguiaitlon 
Lina, All arabe served by tha roada to be abandoned will be 
acquired or have an alternative aocosa. Tho alternate acoeae to 
nraaa outbids tha Govarnjnont Acquisition Lino Id from WVDOH-cjwned 
road* having acceptable gradaa. Abandonment of the roadii could 
involve uodu increase travel dintance for some of tha aiirroundlna 
residents, hut that impaot ia conaldared mini mo 1 . There are no * 
conntmet Ion coats associated with abandonment of the roada 
except for administrative coata. The costa of erecting 


jjble S - Aban doned poado 
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Thd united States Forest Service owns a read identified ae 
n<ps Soute 1 / 8 . Thi® road connects with PCKR 1/4 and provides a 
-*J^ndary access to Seneca state Forest, Seneca Lake, and several 
ffftal cabins. Since USFS l/fi le not the primary access to the 
irea, this road will he abandoned without replacement. The 
length to be abandoned is about 0.6 miles for both impoundments. 

Abandonment of the affected roads without replacement would 
create one isolated area along PCWR 1, generally between Clover 
Licit and Stony Bottom * In the absence of a more detailed etudy 
on road relocations and required supporting data, it is assumed 
for this report that acquisition of the isolated areas is less 
costlv than providing alternate access. The issue of isolated 
areas will be investigated in more detail during preparatioa of 
the feasibility report. 

b> greonbrier River Trail. 


1, ^nnral . The Greenbrier River Trail is a 75 mile-long 
recreational trail, designated for hiking, biking and horseback 
ridimg (non-motorized uses). The trail is located generally 
along the Greenbrier River through the study area. The trail was 
created from the abandoned c t a Railroad's single track railroad 
along the Greenbrier River* The trail was deeded to the west 
Virginia Railroad Maintenance Authority, an agency of the state 

• of West Virginia, by quitclaim deed. It is assumed the state of 
West Virginia has a compensable interest in the trail. 


ii. Flood Control Drv Dam , The trail relocation for Site 
113 dry dam consist of approximately 3,000 feet of new trail that 
will be constructed on abandoned construction haul roads. The 
trail should begin on the right descending bank of the Greenbrier 
River at the existing trail, approximately 1,000 feet downstream 
of the dam, and end approximately 1,500 feet upstream of the dam 
on the right descending bank of the Greenbrier River at the 
existing trail. Aggregate paving will be provided for the entire 
length of the relocated trail. Rest areas will be provided 
randomly along the relocated trail. The remainder of the 
existing trail, upstream of the trail relocation and below the 
spillway crest elevation, will be subordinated to the 
Government's right to flood the trail in conjunction with the 
operation and use of the project. 

ill. Multi-purpose Wet Dam . The trail relocation for Site 

1 113 multi-purpose dam involves constructing of approximately 11 
miles of new trail, beginning on the left descending bank of the 
Greenbrier River, at the existing trail, approximately four miles 
downstream of the dam, and ending at the Stilington Bridge 
^pstream of the dam. The bridge will be left in place for access 
^ J;® the existing trail on the right descending bank of the 

• River. Aggregate paving {5-ft vide and 2-in thick) 

x± Provided for the entire length of the relocated trail. 
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TM relation oft f Jrnj irgquIreB approxieateiv 6S acree of 
clearly and 475, 00 ei£C *vation and embankment, 
portion® ot the trail (approximately four miles) follow 

JSU trails, reducing the amount of cle arlm : y *2 

^antaaent reguired. Preiimitiary topographic' inf ormation 
indicates that the elopes along the relocated * 

£»* with only a 3-aila portion of the trail e^eeSnl fit 4% 
gradient* With a more detailed topographic B I 

parts of the trail can he designed to minimi^thS^ilSeo 
areas will ba provided randomly along the trail. 1 P Rest 

C. utilities- 

ik wononoahela Power Comnr^y Monongahela Pn™,- 
owns, operates and maintains a three -phase Company 

vhich feeds the area from the north and crosses the^rSuoied 
impoundments at two locations: about 1.1 .,1“® P r °P°f ed J 

119 and in the vicinity of Clov e rLici a Joit% ? Qf ? ite 

of the Site us. The transmission line eSds at'a «J?P S ^ire m 
located along Wv SR 28 at the mouth of ™ substation 

mo-2-4401, "clearances for PoSer and C ? eek - 

Reservoirs^ dated 5 September loantinication Lines Over 
minimuM vertical clearaEcIrbe Hi Uiat “»**** 

Pool (spillway crest elevation! a reference 

conductor, in the } anci J th e elevation of the low 

transmission on^he 

require adjustment of the transmit?™* 3 ?? 1 * im P ou *am®nte would 

S3al«an^^3S^. 

s^'PSSr^ 

mer —until t*. SSSLifitjTLSg 4111 *- VL1 

t.i ’ tioum-w < n ... 


tS*^- Mountain State 

££** iln 6 = e i« a f ?ld'i Ues insist Of ^^^/“ilities in 

UphQna «M.a ££ S"r aliy •KttaSS tele Pb“« 

SoB8 „ the ° bEerveii 1" th! area? ? No 

«■ cost ^ 8 “" Until ^ «MS5S^““- 
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m 11 ion for the Flood Control (Dry) Da m at site 119 and $j,07.s 
Million for the Multi-Purpose {Wet) Dam at Site 119. Thin 
represents benef it-to^ccst ratios of approximately O.B and 
respectively . Tha total project cost represents the cost 
associated with the project at the pre-feasibility level design. 
Cost data and summaries of accounts can be found in Addendum IIB 
and IIC of this appendix. 


b, A m stor age Dam Alte rnative * The total project cost of the 
4 « storage Flood Control £Dry) Dam at Site 119, incorporating the 
innovative measures discussed in Section B, is approximately 
$60-5 Million* This represents a benefIt-to-cost ratio greater 
than 1-0. The total project cost represents the cost associated 
with the project at the pre-feasibility level design. Cost data 
and summaries of accounts can be found in Addendum XIA of this 
appendix. 


IS. CONCLUSIONS 

The 4" Storage Flood Control (Dry) Dara at Site 119 which 
incorporates the Innovative measures has a benefit-to-cost ratio 
greater than 1.0* This alternative illustrates that a Federal 
interest has been identified and therefore, a more detailed 
feasibility phase is recommended for the Greenbrier River Basin. 

• This feasibility study will produce detailed designs and costs 
resulting in the selection of the National Economic Development 
(NED) Plan. The innovative measures applied to the 4" flood 
control storage alternative in this Evaluation Study will also be 
applied to all flood control storage alternatives investigated 
during the feasibility phase* 

Engineering features during the feasibility phase will be 
designed to the level necessary to develop the baseline design of 
the NED Flan. Various dam alternatives will be investigated at 
Site 119 30 that the NED plan con be identified. No further 
investigations will be performed at Site 110 due to the analysis 
in this report. Engineering investigations during the 
feasibility phase will include: 

- Design of all alternatives to the feasibility level of 
design with a Total Project Cost Estimate for each and a 
Baseline Cost Estimate for the NED plan* 

- Establishment of all technical design criteria and 

functional operation requirements of the Government and the 
sponsor. 



* Hydrologic and hydraulic studies required to determine the 
functional design requirements of the project. 
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INTRODUCTION 


GREENBRIER RIVER 


This Addendum presents the results of the hydrologic and hydraulic 
studies and computations involved in the preliminary design of the 
flood control dams for the Greenbrier River Basin Study. Two dam 
sites, designated Sites no and 119 were investigated during this 
phase of study * site Ho is located approximately 2 milefi upstream 
of Karl inton, wv- while site 119 is located approximately 11 miles 
upstream of Marlinton. For this study only a dry dam was evaluated 
at site 110 while both a vet and dry dam were evaluated at Site 
119. The initial phase of the study was a screening process to 
determine which site was most economical for a dry dam* This 
screening process showed that site 119 was more favorable* 
Therefore, a wet and dry project was evaluated in more detail at 
site 119* As the more detailed evaluation was only completed for 
Site 119, this Addendum will present the hydrologic and hydraulic 
studies for this site only. The hydrologic and hydraulic studies 
were completed to a sufficient level of detail to determine if 
there is a Federal interest in developing the project to a 
feasibility level design* Therefore, some segments of the study 
are only at a reconnaissance level of detail while other segments 
are near feasibility level. 

2 * AREA DESCRIPTION 


The Greenbrier River, carrying the greater part of Pocahontas 
county*s runoff, has its source in two forks originating in the 
extreme northern end of the county* East Fork flows in a southwest 
direction to join the West Fork at Durbin, WV where it forms the 
mainstem of the Greenbrier River. The river then flows in a 
comparatively straight line in a southwest direction across 
Pocahontas and Greenbrier counties to a point south of Lewisburg 
WV where it turns westward to form a portion of the Greenbrier^ 
Monroe County line. It then enters summers County and after much 
meandering joins the New River at Bellepoint, WV, one and one half 
miles south of Hinton, WV. The drainage area at the mouth of the 
Greenbrier River is approximately 1641.0 sq, miles. From the 

headwaters above Durbin to its confluence with the New River at 
Hinton, the river falls 800 fe&t in 167 miles. Exhibit No* 1 is a 
basin map of the Greenbrier River* 

3 * CLIMATOLOGY 


*- Sfltiaral C haracter i stic^ The Greenbrier River Basin lie? 
in te mperate zone and usual seasonal variation? 


actlvlR?* 4 ^®- The frontal air-ma?^ 

tropicli f ,7^ ls sub i ec:ted Polar and mm-Uiw 

epical air masses. Freguent and rapid change ln th< > veath^ 
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"W prev*^*«* — m^ww*** i e the 

^thwest. 

_ Reo<3& l£- Meteorological data for the 

b. within the basin and from numerous 

s * vall *?lZJi 3 telY adjacent to the basin. The station locations 
cations iEUB ^i a ^ y jO“ye*r normals are given in Table Ho. i ' 
Levati on&* and tn J T 

„ Te^Et^yJ^ Th * P* ri ?* of record ^temperatures within 
^fi^eStnds from 1 B&Q to date* Temperatures recorded &t 
"t^on have varied from a minimurn of -27 degrees to a maximum of 
^ The mean annual temperature for the region is about 

c The growing season averages about five months. The 

oroai temperatures for individual stations, where available, are 
isted in Table No* 1* A monthly summary for representative 
tations are listed in Table No* 2* 

d. precipitation^ The normal annual precipitation over the 
as in is approximately 44 inches and is listed for individual 
tat ions, where available in Table No* 1, Average monthly and 
nmial precipitation are also listed for four stations in Table No 
* The basin lies south of the most frequented path of extensive 
eteorological disturbances which, in winter and spring travel from 
on th vest to northeast, converging toward the St. Lawrence Valiev 
urner rains usually result from conventional or orographic origin ‘ 
hey are usually confined to relatively small areas and 

K SSflS 

:haraeterised by less intense** 1 ^ and earl V spring is 

■arqe areal extent, often ° f e * tended duration and 

>ta 9 nati on ana stationer till? StlBg Several states. Occasional 
^ecipitatlon, ^ dev ^lopment produces prolonged 

RUHOPF wid STHEAMPLoh data 

itreans^^^^^^thB Th ® coUin 9 to rugged hills of the 
Orations S r c f*Parativel v m J^^erately steep profiles of the 
storm r&itifaiT in ^off in if/? P eak discharges and short flood 
^turated q rou _^ be aqg Die , rit 3? l } est during the winter months when 
ojjest duti no J resy ltE in i ^ melted snow, and when frozen or 

"nir u ^7l ta s d 1Miltrati ™ ™t«. The »™« is 

1 runoff are hi^ h ^ earl V fall when the ground is dry 

b •** Bucfcev* « . TaJale No* 4 presents monthly and 

th e „ **<3tnq station. 


■*-5a? # t53«5 


ed relative to past flooding 

A ltho u ^*, of Mari? h ? agihg records of three gages in 
g two at these and trom bisto ^ical high 
e gages no longer exist, records 
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obtained (com ' ^^^Suekeye tkV.e’.s!. gsgc h i a t> j* p!l!ra tion ot this 

r£-z mss 

i„; mtt.dlwd t? a highway bridge. In February f M °„ f ’ chain 

replaced with a water-stage racordar which la ^^”9 this g ago „, E 
Pertinent data concerning the Buckeye gaging station V it? 1 **? use f - 
Table No. 5. Since this station has b ee * rVtVd hv%T V t" ln 
jneafiurenentB of moderately high stages only, i t u fL b J? discharge 
extend the rating curves for studies of fflajo r , floS£. Mty to 

c. water Losses*. Rainfall end etreamfiow 4 

infiltration losses Bay approach aero during e2vere2lS£t 

Bupner-type K£.“ ^ “* *° S P " r h ° Ur du ring *™ P tioSl 

»; S 

constrict the stream channel and adjacent floed pufiw The 
manmade constrictions, natural obstructinna . 1? 

accumulation combine to produce high stages and Ki-^ninrr 
which t«d to i ncrease damage. Should flo^oTano^^av^^S 
magnitude of historical floods, the h e i ghts water vo U 7d be 
increased under present day conditions. would he 

5. STORMS AND FLOODS OF RECORD 

, a ‘ ■ Several severe Greenbrier ciu B r . 

STuST^Kfloods“°rSS 

November m?,° U £ a re° can'se'd^nr ( ur ™ d in 1612 - November 1877 and 
Two damaging Hoods occurred ?n i 2 Cip 5 lly by the Greenbrier River, 
h Y high Hows fr^ both thoV t rC . h a,ld Juiy 1954 and Were caused 

River and Knapp creek. The 
the total basin above Bucket °^ cu ™ d *ver Knapp creek, but 

uckeye received an average of a.o inches. 

« flood of the 

repeated, coverpract?i>?f ?*at occurred in 107 7 would, if now 
If 1 ?*? 00 * uafi ^eportedfi 1 ^^ entire community of Marlinton, wv T 
of 1954, eportedly six to seven f6at hig J ar than the O ood* 

Sis r 5? d J^n/tha regarded as tho largest flood that has 

in ]\i f ^° od v * s at liafjr ^ of r ««td. older residents believe that 
w afi Jr' However hi^ , ne feet higher than that which occurred 
‘F 1 0 ?J fctftremely' i*t!i Ol l* 0na indicate that the November 1&77 flood 

B S2i < 5/ l0 °i-‘^£if 1 S od in the area an ? refor to lt « 22 

vitM^ lsc har ga 5 shows the maximum gage heights and 

the rivarZ?^ l?S5 * t0r " “* ” V * ral ^sti^s 


I*e 
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TABUS Ho, 5 

STREAMFLOW STATIONS IN THE GREENBRIER RIVER BASIN 


Niles Drainage Area 

Above Mouth f Sq. Miles] 

Agency 

Greenbrier River 
at Durbin 

153.4 133 

uses 

Greenbrier River 
at Buckeye 

105.6 540 

uses 

Greenbrier River 
at Alderson 

29,2 1,364 

uses 

Greenbrier River 

5.5 1,619 

uses 


at Hillsdale 


Maximum Type Discharge 
Period of Gage Height of in c.f.e 


Record_ 

Feet III 

Cage Max.f l\ 

Min. 

HefijO 

1943-Present 

15»82 

WS 

37,700 

0.0 

258 

19 29 -Present 

23-20 

tfS 

SO,000 

3.0 

975 

IB95-Present 

23-95 

WS 

90,000 

24 

1,994 

1936-Present 

25-68 

WS 

82,000 

39 

2,255 


«;i“™ e ui S S =*n s « C F^"uJ a9 S«l^i«l survey 
Open File Report 96-486 

fl> Figures for the 5 November 1985 flood. 
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»■ aenaral. M°od* ™Vf"™nt° any "™th, sithoagh 
Hincer and spring ^Z?° s ba6in prSJffi!?*; s ^me r -type stomas 
have occurred over the ba ®i"' PrMucing local floods^ without 

S&SSJ&ssr - ‘»Ttt-as.*tt 1 s 

e- Flpod Descriptions.. . The following aro hn HP J P H , 
of fcnown large floods that have occurred in the 4 jf descriptions 
These descriptions are based upon information obtain 
investigations after floods, from interview of n ained from field 
«« articles appearing in the -Pocah^J 

newspaper published in Marl inton since 1882 * , a w ®®jj ly 

newspapers are also included. Excerpts froa other 

THE POCAHONTAS TIMES, 11 FEBRUARY 19 32 

At Karl inton, Squire S.L, Brown reports fh, r - - „ 
in ten hours as 3 inches. At Karl in ton " in f a11 
rose 13 feet and better. it was the hioh«? r } ver 
1918, Knapp Creek got big too , but not ^ K ■ s ^ nce 
the river. This flood i n the ^ high as 

SS^V?lt“ “5 crest 

s^sr ^B££rl 

tine ("burning* U " l0Wer ground, with little 


HUNTINGTON HERALD dispatch, 21 JANUARY 193T 
at «£* j*SStioa 1, *i^^2? r e spi i le<i ovar its banks 

CHARLES TOW GAZETTE, 22 FEBRUARY 1953 
one person 

and thi^ * nd 3nother f * ated dead as the 
_^ d inundated Jl ? ew River went on a rampage todav 
aet*^ h eo-aile stretch on the state's 

?w° n , ln vha t f ia JSF intony Pocahontas County, to 
the 1 in 15 Yeare Relieved to be the area's worst 
1930 Gte * n briet r R"iwf at i? re P orts froff * Ma rlinton said 

ill 0 - After ; hit its highest Level Bi ~Z* 

abl“ /’I 11 "* neafu! 19 , crest however, the rive r 
& P.M, rly 6 inches per hour at Marli nto ^ 
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THE POCAHOMDIS TIKES, 26 FEBRUARY 1993 

tSMtytfou^houra ■g.^'SSf/r Vwl ta*|p 

f 6 little "hilh Clteye "» Qu t « foot more. »»“••* w *“ 
a little higher than the river, in proportion. 1 
figure this i s about t * e hl g h est water since Hatch 
W1 J: d *®age ana mudh inconvenience was caused 

by / 1 S < ^ in ?,° :e ba seaents r damaging furnaces, etchers 
* nd 3lle this was a flash flood and the first 

hour the water just boiled up. 


THE POCAHONTAS TIKES, 4 MARCH 1954 

Sunday afternoon it came on to rain and how it did 
pour down for about thirteen hours. Then the wind 
changed and how it did snow for several hours; to 
pile Up 6 inches on the high tops and three inches on 
the river * Our rainfall amounted to 2-1/2 inches. 


Stream flushed up strong. There was water in the 
basement of the grade school and in some basements 
of residences. There was no school on Monday. The 
swinging walk bridge over Knapp Creek was washed out 
by the flood. 


THE POCAHONTAS TIMES, 22'JUItf 1954 

On Wednesday night, July 14, there was continuous 
lightening for 12 or so hours with plenty of thunder, 
wind, rain, and hail. The rain was a cloudburst in 
places* Rain fell continuously for nearly ten hours. 
A gage registered six inches. 

Knapp Creek was higher at Marl inton that at any time 
since 1913 East of the railroad many basements were 
flooded The road between Marllnton and Huntersville 
was blocked by deep water for many hours. some 
people from Knapp Creak and Creenbrier went home by 
way of Clover Lick and “os. Fortunately Cor 

stony c'rlek relny was highj Marlin and Price Runs 
higher than in memory of old timer. 
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THE p uhbs, 9 KaUCH jg 6 

heavy rains and malting anow sent i-u 
rivers on a rampage Monday ni£ht Cre . 

They rose fast Monday night and stii/^^ay “ornin^ 
in Marllnton the fire alarm eounder? A* r *in e d h-22' 
and people were awakened and WarnL bo «t l:^**^* 
taken out in truck or boat. Jti v "® a . and Ban 
Telephone service was out because th^ e wa ® covered 0 
under water. The Power Company had^'^ipae^t w^ 

in Marlinton, the water cane thro,.„i, y l0BSeB '. 
tannery and all along the river jSL fron above the 

as Wit'- 1 « >» 

All those we could find vho remo^ 

hloha r^' 5J at ’ Ul * B 0tie at^l^ **** flood of 

higher. Richard McCarty said tho f i l eas ^ two feet 

SI . ;l " “ I ; but " obo ^ c »» ^ °f an nco 11 

this was the most water anyone reao.h with it. But 
take a lot of drying out. Members and it 

THE POCAHQlfJAS TIMES’, « HkECH 1 967 

a 8 flood 6 S uch a s° Ck 3S the 

~ of d amag6 w a at *f ‘ a “P“^ble to relllEL *32 

OftV&f I g S to 

^*HE Pn 

UtuV^ S'eiCZ TIMES ' “ FE ^ UARV 1971 
^. Fr S^i‘ « weather ^WT^ 

r Of rain, t>lnm 
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^perature qui c vi v Z 

downpour £ r a Yn 


Pius 
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broSte"th« 0 ( nd Sunder. The rain raised ail 

the vav l?*. “°ving it Saturday P art °* 

Bucicrtu- ^ i aam od above Seekert and backed bp to 
the Buoftaya. The rain * all and snowfall tor January 

inton a?2[ e * 14 1 inchee *eaP ectlv ® ly in the 


'! er ?.’V“* ir icna 
Merlinton area* 

mZ POCAHOHT&S TIMES; 3 JANUARY 1974 
1974 FLOOD I 

A aftet Oh rlBtmae (Note: 1973) sur¬ 

prised the County. Heavy rains Christmas night with 
melting snow qui c jQ y brought 1 water rushing down all 
the hillaide& and et reams T knapp Creek was thought 
to have had more water than for many years* It 
blocked 39 in many places and was soon over the dam 
at Marlinton, The run from Thomas Town was booming 
and the east side of Marlinton suffered* Especially 
hard hit were the service 1 stations, stores and 
offices in the Post Office block* Also Stony Creek 
broke over and flooded Riverside and down through 
Burns Motor Freight* The AiP had 4 inches of water* 


► 


THE POCAHONTAS TIMES r 6 JUNE 1974 

After several days of rain and 2 1/4 inches measured 
between 8 a* to* Saturday and 8 a* in. Sunday, Greenbrier 
River rose rapidly Sunday to about 11 ft. 3 in- at 
Marlinton and 14.55 feet at Buckeye* Flood stage at 
Marlinton is about 10 feet, when it comes into First 
Avenue; at 11 feet it comes through the storm drains 
into Main Street. 


THE POCAHONTAS TIMES, 14 OCTOBER 197 6 
197 6 FLOOD 


The rains came and the river rose. 

Fridav niaht at 11:03 the automatic flood alar® 
&ys tern sounded in the Marlinton Fire Department 
office, which indicates from upper drainage areas 
that a 10 foot level of water will 4 houre later be 
at the Marlinton bridge* Twenty -four hours later 
(after 11 p,m- Saturday) , the alana reset itself when 
th e water level wen t below flood stage, after 
reaching a crest o£ W-l at and «:*! 

Cent at Buckeye about 3 p.Si. This Dyetee enabled 
the Fire Department to chart within a tew inches the 
tiae and actual level of the water, being In constant 
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communication with Cincinnati * nd Qt 
centers. n ion 

THE poCWtaHTAS TIhBS ,i 7 KOVEMftpp, 

Sb flood of as I s 

Details on the storm that J caused 

flooding are sketchy at this tiiM, - i' wide apread 
the Karlinton are* showed q .total of ^ 3 es in 

Ew*« of rain over the v ee * ** *r°und 7 tc 7 
As the rain in Warlinton didn^t seem I?„2 n H °™jay, 
cause such massive flooding it i e kSaSTSf 1 * 1111 * to 
have been heavier rains in the mo re noiSES there must 
of the County, hern sections 

information available to the National u*.*^ 
also didn't predict a flood of the TLJLtL* 
occurred. For most of Monday the 7 ~ griitU{ ie that 
that the water in Harlinton would Predicting 

which would have been about'a foot hi' 14 feet ' 

1367 flood crest. Later the predict„? er th * n ttie 
to an IS foot crest, but by that time t? n Gauged 
was too late to do anyone any good* e ^ n ® otn *tion 

As best as can be figured now^ the c^ B +. ■ _. 

at Harlinton was 31,8 feet ^ in the river 

feet, After holding at 4e *** atoout » 

began to recede about 2i30 a n t, 3D level tha water 

T^ad*y ( the river «d cHEfe d3rk 

normal channels, re f* were b ^ ck i n their 

e, unit Hydrograph computations f 

l 8 G T 

SHOW, EKhtif, j r ® In fall awTS!^. » . Movenber IMS from a 
°n S Hovenber 14s *'’‘ * was develnnJrt°^‘ * base unit hydrograph, 
^?«ous location* u bis unlt hydrjLrST 0 ? 11116 thab occurred 

^e re 9oUi at Marl inton was then transferred to 

Ri^ ,^“graphs *«“PP Creek at the south. 

B »wn on Ejihtt ahoy, Dui . bi ™_the Greenbrier River at Buckeye, 

tt,. - *' *■ and T **» Creek at the mouth ar4 

MAWOkRO «, ana *. respectively, 

I ' W °0 


vith Civ. 

' titled *i Kf . *11 f dated March 19$2 
standard Project Flood 
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surface profiles Qn the Greenbrier Bivor was 0-04 for th* 
channel and varied tram 0.06 to 0.0*5 for the ovorbanks, ohd on 
Knapp creek varied from 0,045 to o. 06 for the main channel and 
from 0.055 to 0.00 for the ovorbahks. 

I 

The coefficients of contraction and expansion UMd 5" 

for the valley sections, and 0.2 and 0.4 for the bridge sections, 

respectively. 

The existing water surface profiles were developed using 47 crqss^ 
sections and i bridge section in the Harlinton f«ch. Th* overbank 
portions of the cross-sections were obtained priimarily rrom 
topographic maps (2-foot contour intervals) based on aerial 
photography and field surveys obtained during 19B1. Stream 
soundings were obtained at 30 locations by field surveys in order 
to establish the channel portion of the cross-sections below the 
water surface shown on the mapping. 


* 


In the Alderson reach, the existing water surface profiles were 
developed using 13 cross-sections and 2 bridge sections. 

The special bridge option in the HEC-2 program was used to 
determine the bridge losses at the bridges in the study areas. 
This option computes pressure flow through the bridge and weir flow 
over the bridge and approach roadways on the floodplain when the 
tailwater elevation exceeds the lovtJhord elevation on the bridge. 

b. Mo d i fied gff p dj-tjons w ith F rdPPJ^^fta^jydiE Sites Above 
Marl in ton. The proposed plan which offers the greatest flood 
reduction for the City of Marlinton and other downstream 
communities, consists of a reservoir located on the Greenbrier 
River at river'mile 119, 

Modified profiles were computed for the Marlinton reach assuming 2, 
4, and 6 inches of flood control storage in reservoir site 119. 
Flows were routed through the reservoir and a correlation curve 
developed at each damage point to estimate the modified flows. 
These reduced flows were then used in the HEC-2 program to produce 
modified profiles where data was available. 


The modified flood frequency profiles for the Marlinton reach 
depicting 2, 4 ,SS 6 inches of flood control storage in reservoir 
site H9 are shown on Exhibit nos* 12, 1 an<J 14 * 


11 « RESERVOIR STORAGE 

* . ..j Data, The area and capacity 

e °«put»t^ rv ^ i r hI ?L upon dat. obtained b> 

fuSSSSX. 0SGS with a scale of 1 Inch equaU 

*000 feet Sd ™i™ io“toot contour intervale. The area an,- 
uapacity ^e computed eieultaneouely by »•««» of « coupler 
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•tsina curvili neat interpolation, The 
P-*2? py one foot incremente using the ive tage ^ COCa P*Jtea 

'^T.tion of reservoir area and capacity i* given in 


A 

15. 


*. tiinfr'™ p ° o1 ^etJJanl Starve Retnnr^ nt <, Minima 
^.fluirejflents for a multiple-puiyose project at Site n? pOQ l 
Elected based on provision of adequate storage for BfldimeL'* et * 
Ejovnstrenm releases while constraining drawdown to * 
sign if leant adverse effects on lake recreation. a ^oid 

The project life (period of analysis) is loo years e ^ 

accumulation at Site 119 for this period i E estimatednd eediine^ 
d.5 inch of storage. As the water volume of th^ require 

dial nishes over time, fish entrainment through the pOQl 

creates an undesirable situation which can be avr, fd~^ lGt j J 'f orltE 
increaee in storage. An additional 0.5 inch ^ 1 wlth an 

included to maintain suitable conditions for aouat£? n S A° ra . ge ls 
lake as sediment accumulates during the oroi^J ni C life fc he 
selected minimum winter pool is 1.0 inch of sto™™ 1 Thus, the 

ft, storage, elevation 2302 

5^ ss^^2^^auKSsstsar“ ui - 
arfffisss zzs. sw sat-erFSiir&.a; 

off™*, th B formulation of the r^r" "J tha state. * s aa 
of?^°i r releaBCS are managed to imnrove h^i be . ad J UBte <l bo that 
sev^ai rl enbrl J er Rlver downstream of Sits P roduc tivity 

JpwoprStl 3 ^,^/^ 3 S .7?t'Bch eB "SrSt or C:or ' Betvatio '‘ P°°l at 
Sufficient water lr siiie tor addres \ to 5f 9 *' ua ? chosen as an 
uh ilG avnM^ e reIeafi ed for doutlined concerns. 
With a d epe ^;^7°^ing signified ^°? nstreara needs, even during 
inch of runoff telfi ase during fan effects at the lakef 

JJe fan ^ desirab i e ing fall drawdown equivalent to i.o 

dea il5 a range betu USr the initial w-t ^ attern is continu»d during 
JSr*", bought elev ^ fc ion ii36 nt ?t r c ° nservfl tion pool would 
cohrifi^ Writer CQ ^? ht Con ditlonsL ft- to elevation 2302 ft, 

ions an 0¥ e Ovation pool would be a return tq the 

The d An ~ „ flt elevation 2336 ft. as flow 

aild a ignl?i^ le proved 

K*et Voidtti - ln C i e u SeS downstrearo Productivity, 

Uer Plan recreation due to drawdown 

°uid no t achieve this balanced 


I-ia 
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Releases u ?^ 1 Gtee nbrier Reservoir would be governed by stages on 
the Greenbrier, New, Kanawha and Ohio Rivers and by the existence 
a J? operation of other flood control projects in the comprehensive 
Ohio River Basin flood control plan. Efficient operation of the 
reservoir will require a regulated outflow. During periods of high 
stages on Greenbrier, New, Kanawha and Ohio Rivers, it may be 
necessary to store all inflow to' the' reservoir, while during 
falling stages downstream, it will.often be desirable to release 
storage at a bankfull rate below the dam in order to empty the 
reservoir as rapidly as possible. It will also be desirable, at 
times, when there is no flood threat downstream, to pass minor 
floods up to full channel capacity below the dam. However, no 
detailed plan of regulation was developed for this study* It was 
assumed, for the purpose of development of downstream flood 
reductions, that during flood control operations the outflow from 
the project would be limited to 10,000 efs (channel capacity) until 
flood control pool was reached. 

d. Storage Allocations . The storage allocations selected for 
use at the proposed reservoir site .119 are provided in Table No. 
10 . 

e. Slltatlon . Most of the area above the Greenbrier dan site 
is wooded. Only a small portion r of the area is cultivated or 
cleared for fanning. In the past, the stream has not appeared to 
carry a heavy silt load; however, no actual samples have been taken 
to determine the amount of sediment carried. For this study, a 
slltatlon rate of 0.25 acre-feet per square mile of controlled 
^tainage area per year appears to be a representative value for the 
reseirvoir. This rate was determined by analyzing the measured 
^lltation rates for reservoirs in the Big Sandy Basin. Based on 
this rate Q f eiltation the required sediment storage to provide a 
reservoir life of ioo years is 9,300 acre-ft, which is equivalent 

° °‘ s laches of runoff. 


Srol storage of 2-, 4-, and °£ net flood 

Teas than E upon this analysis, a project with slightly 

ioSeverfurthi ?® 0 of flood control storage was the NED plan. 

cintr^fl? analysis showed that approximately 5-inches o£ 
^™nta?e X torag e * oiad be re£I ai re d to prevent a significant 

, downstream damages associated with a reoccurrence 
of the November 1935 floo4 Therefore, the initial pha£e of this 
evaluation concentrated on a reservoir with 5-inches of flood 
control storage. However, as discussed in the main report, an 
* 2 °?™ showed that this plan had a benefit to cost ratio 

^sed upon this determination a dry dam with 
4 -inches of flood control storage was also analyzed. 
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table Ho. 10 

GREEMBFtlEK LftKE SITE 119 STORAGE AU^CA Tl0hrg 


Proj ect 

Elevations 

Incremental capacity Inches of Allocations 

Wet 

2223.0-2302*0 

ie,40Q Ac.ft. 

r " 

li0. Sediment 

Storage/ 
Aquatic Life 


2302.0-2336.0 

32,100 Ac,ft. 

f 

1.77 

Kin. Flow/ 
Mitigation 


2336.0-2349.0 

17,900 AC,ft. 

1*0 

Seasonal 

Rec. 

(S\m) 

2349.0-23B&,0 

73,600 Ac.ft. 

4,0 

Flood Cont. 

fwinj 

2336.G-23B&,0 

91,200 Ac.ft. 

5.0 

Flood cont. 

Dry 

(5-in) 

2223.0-2264,0 
22S4.0-236B.0 

9,300 Ac,ft. 
91,200 Ac,ft. 

0.5 

5.0 

Sad. star. 
Flood Cont. 

(4-in) 

2223.0-2284.0 
2284. 0-2350.q 

9,300 Ac,ft. 
82,100 Ac.ft. 

0,5 

4.0 

Sed. Stor. 
Flood Cont. 


la * spillway i 

at°the E ? rt f0r both ^he > wS l *i?2}' led emergency spillway will he 
to pass ?h ° f the f lood the dry dane with the crest located 

works Th Proba hle Mavi tro1 &°ol. The spillways are designed 
stream ^^Uways Sn t Flood (PMF) without using the outlet 
En 3ine(j r |f,? d ^Bstreakn 1 ^ave vertical upstream faces with the 
“ J anuarS * 111 0'2-iRn-> qU l adrants shaped in accordance with 

"hydraulic Design of Spillways-, dated 

*“f,au pti ^s» p rog ^” ln “tl.on of tho quadrant ahapoe w «3 nfl de 

oSik 11 ^® a Ctest sSjiH llM ' "Croat and Upper Nappe Profiles 
1 ehar 9s 4iL1 eter >»tned u1 lyei "- T he discharge ratings for tho 
a Uon f Qr the "CORPS" program HI 107 r "staga- 

5llIpti Cal crest Spillway". 
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^lr™e n t^^^^% u ^ 1 ^ lt ? r ^ 1 %e r Vo}pt d % n ^ >u ^ 0n „ 0 ? 

re^^ th \ peak diEC harge of the ******* ' T £ iB 
requirement insures that the project does not cre ate greater 
downstream dumacre durina a pmf event than what would occur under 
natural conditions? The width of the spillway *s adjusted so that 
phe peak discharge of the natural hydrograph is not exceeded when 
the storm hydrograph that exists under project conditions ie routed 
through the reservoir. since the but flow from the reservoir is 
dependent upon the apiliway capacity, the spillway width determines 
the peak pool elevation and thus the top of dam elevation. 


The difference between the *D' hydrograph (natural) and the , A‘ 
hydrograph (with project) reflects the change in basin hydrology 
between pre and post project conditions. Since these two 
hydrographs were derived under similar assumptions, it is the 
position of CEorh-ed-h that they are the most comparable with 
regard to limiting the peak outflow fcroin the project below the peak 
discharge that would have occurred under natural conditions. 
Therefore, for the current study, a trial and error process was 
completed of assuming a spillway width and designing the spillway 
for the head associated with the routing of the *C* hydrograph (*A' 
Hydrograph precipitation increased by 50%) - The acceptability of 
the assumed spillway width was determined by routing the 'A 1 
hydrograph through the spillway, based 'upon the *c* hydrograph 
design, and then verifying that the peak discharge from the l A t 
hydrograph (with project) routing was less than the peak discharge 
Of the *D 1 hydrograph (natural) . Using this criteria, the maximum 
spillway width at site 119 was determined to be 4 40 feet for the 
wet dam, 345 feet for the 5.0-inch : flood control storage dry dam 
{5-inch dry dam) and 310 feet for the 4.0-inch flood control 
storage dry dam (4-inch dry dam) . 

c. Spillway for the Wet Pain. The dam would have an ungated, 
440-foot-wide ogee spillway with a crest elevation of 2308.0 ft. r 
NGVo to provide a flood control storage volume of 91,200 acre-feet 
or 5-inches of runoff in the winter and 7 3,600 acre-feet or 4- 
inches of runoff in the summer. The spillway crest wa 5 
underdesigned using a design head of 27,0 feet which provides an 
*VHj ratio of 1.3 3 which is in accordance with EM 1110-2-1603. 
Exhibit Hoe. 16 and 17, provide the output from programs hiiot and 
HHog , respectively. Exhibit no. i& provides the discharge rating 
curve for the spillway. 


d - Bpiliwav for the P riL-Baias* T he 5.o-inch dry dam would have 
at ungated, 345-foot-wide ogee spillway with a crest elevation at 
4366.0 ft,, NGVP to provide a flood control storage volume or 
.ifSQG acre-feet. The spillway crest was underdesigned using a 
is |„ h hBad of 31-* feet whichprovides anjyj^ ratio of l-.u which 


accordance with EM 1110-2—1603. Exhibit 


19 and 20, 
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,-rf-na programs H1107 and Hii^o 

p*° vides tha ^ ischar?e ssrsJ^si 

spillway- 

_ - , . would have an ungated, 3ln . 

S&Fsa «S 3SS 1 '5 

£* ssnsussg- . ^Tidi 

ESST E£&s£ «■«* «< pr ££ 1 «* “S& 

HI 107 and HliOff, »flpecti™ly. Milbit Ho* 24 

discharge rating curve for the spillway* P ovides the 

e* E liP Bucket * Both the wet and dry dams will 
With a flip bucket designed for a PMF event i n accor-d^S Provided 
1110-2-160?* While the flip bucket is not an ener^ 5 it*T ? ith =« 
is an integral part of the energy dissipation svstJ^ 5 r pfttor ' 11 
of the flip bucket is to direct high-velocity flow /V* j P Ur Pcse 
away from the dara, The spillway throw distance USc e l^t) well 
equation 7-6 in EM 1110-2-1603, ; To provide u ®ihg 

protection, a concrete pad 100 feet in length u ‘ii l 1 scour 
downstream of the dam- Table Ho* 11 Summarizes +vZ Z 1 i be Provided 
flip buckets for both the wet and dry dams. Evh;l£f atures of the 

dii? t P o e -inch P ^ # ld l o-inch^et *4 and 

S” UTSs?*. astaSH - 

table No . 1 11 

I ( 

FLIP BUCKET FEATURES 
6t 2273.0 40 o ^ 


■Dry 

5 -o-in* 

4 -o-in* 


2371.0 

3269,5 


54.0 

62*0 


30° 

t 

i30 a 

! 

30* 


2279,0 

2279*0 

2278.5 


210 

1S5 

170 


£. ^ 

BV «tt - 1 C 7 ~h^H £i!il ^illPS 
reseiv oir of 4 ao r ^taph) fo * adopted spillway design flood (pmf 
let r us9ed in fef 0 , cf a. Da^l * 119 has a ? eak inflow i« 0 ( Sr 
-as'at.?' 1 ^ 11 dry a** 11 in Parao^ 1 ?" of the . e P illv,a y desiq^fi^ 
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through the projact, 

no. I*. 


The routing reoults are s«™arls*a in Table 


Peak Inflow 

F EPjecfc - 

Wet 460,000 

Dry 

5 .a-in. 400,000 

4.o-in* 4 so,ooo 


TABLE No. 13 

IW ROUTING RESULTS 

1 

Peak Outflow 

——fcfat — 

393,400 


392,000 

391*900 


Maximum Pool Elev. 

fwqvsj 

2424.0 

2410.5 

2404.0 



g- MjadJttai FPjal_ . Elevation and Top of _J>an - The maximum 
reservoir level at the dare, obtained by routing the spillway design 
flood is elevation 2424.0 ft., 2410.5 ft., and 2404.0 for the wet, 
5*0-incb dry and 4.0-inch dry dams, respectively * Top of the dans 
is placed at elevation 24 2 7.0 ft., 2413.5 ft., and 2 4 07.0 for the 
wet, 5.0-inch dry and 4.0-inch dry dams, respectively, which 
includes a minimum freeboard of 3 feet as required by ER 1110-6-2. 

13. OUTLET WORKS 

a. General . Considerations presented in paragraph 11-d-ii led 
to the adoption of gated outlets, of sufficient capacity to release 
water at channel capacity with the water level in the reservoir at 
the lower limit of the flood control storage zone. The outlet 
works will bo slightly oversized, after completion of the project, 
due to diversion requirements. The outlet works will be located on 
the left bank and will consist of an upstream intake tower, sluices 
and standard hydraulic jump type stilling basin. 


b. Intake structure . The intake structure will house the inlet 
conduits, trash rack, service gates, emergency gates, wet wells and 
inlets for selective withdrawal, and the machinery for operating 
the gates Three 8-ft x 15-ft gates will be provided for the main 
operation gates. Since no detailed layout of the intake structure 
or outlet works has been completed, the rating of the outlet works 
based upon the orifice equation and designed to provide * 
minimum discharge of 10 , 00-0 cfe (channel capacity) at winter poo. 
elevation tor the wet dam. The same design was then used for the 
dry dam. 
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Study. TO ineotporete e°*^ ws wer e aada of Capabi 1 it! es 

arfe^SM^sfeSi » 
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sluices* “ i|ln 

d. StilllM wain , ^ergy of the water Issuing fr ™ .. 
s-ft. if 1 5“ft. sluices would be dissipated in the still?!! P * 
utilising a hydraulic jump* The design of the basin w*Z 5“ by 

guidance and criteria contained in Engineering Matinsi 11 f? Be ® u P°h 
"Hydraulic Design of Outlet Works”. The design r*i.A°" 2 " 1602 ' 
stilling basin was selected as channel capacitv fin * f the 

basin is provided with an end sill and two rows nV ' The 

floor of the basin and the tunnel portal are CQhn *i baffles. The 
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a. Oppose OF THE EPVIRqmEFTftfr ftPFRHDTT. The fiUrpOHe o£ 
the appendix is to present the results of a preliminary analy Bi0 of 
the potential environmental impacts of flood control dam 
alternatives on the Greenbrier River. This environmental study lg 
only one of the reports generated to accomplish the stated purpose. 
The Huntington District has performed an evaluation study and 
developed appendices documenting Engineering, Economics, and 
Cultural Resources in support of the evaluation report. 

This report addresses dam Site 119, two flood control (dry) 
dam alternatives and a multi-purpose (wet) dam alternative. Site 
^ 119 is located approximately 11 miles upstream of Marlinton, West 

Virginia, on the mainstem of the Greenbrier River. The riverbed is 
at elevation 2,223 feet. All dam alternatives will be arch-gravity 
and constructed with roller compacted concrete. 


1. LOCATION . The Greenbrier River is one of the longest 
free-flowing major streams in the eastern United ‘States. The. 
rivers*) main channel is formed by the East and West Forks and flows 


15 3 miles through four West Virginia counties, Pocahontas, 
Greenbrier, Monroe, and Summers. The Greenbrier River has a 
dt aina ge area of 1641 square miles. The potential 4am sites are 
located upstream of the town of Marl inton in Pocahontas county. 


1 
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2 . CLIMAT E - The Greenbrier River Basin ln the 

«rs»«ce sone and experiences the usual seasonal vuri ationB in 
temperature. The Baein is affected by frontal air-maee activity, 
^nd is subjected to cofitinsut^l„ polar, and maritime tropical air 
masses. Frequent and rapid changes in the weather occur due to the 
passage o£ fronts associated with general low pressure areas. The 
prevailing wind direction is from the southwest. Temperatures 
recorded at Marlinton have varied from -27 degrees Fahrenheit to a 
maximum of ICO degrees Fahrenheit. The normal annual rainfall is 
44 inches. 


3, GEOLOGY . Pocahontas County is entirely within the 
Allegheny JUdges and Allegheny Plateau, both subdivisions of the 
physiographic province of Appalachian, The Allegheny Ridges sub- 
province includes the sharp-ridged mountains southeast of the 
Greenbrier River, and the Allegheny Plateau sub -province includes 
the low-angle or nearby horizontal rocks northwest of the ridges. 
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t l. RESOURCE 

XERREETftIftl. 


1. VKnKTA'flQH i Early forest vegetation prior to 1920 
along the Greenbrier River included extensive hardwood stands of 
white oak and yellow poplar. Hemlock, a softwood, was an important 
source o£ tannin for the leather industry of the period. By 1320 
the original forests were depleted of saw timber except for a few 
isolated areas of acreage. Farming (row crops, livestock) further 
reduced timber resources to narrow remnant stands of mixed 
hardwoods and Softwoods along the floodplain and river banka. 


Small stands of white pine presently remain inside river bends 
where there is deep, well-drained, sandy substrate. The nine cover 
types designated by the (JSFWS, in an earlier study, are the Upland 
Forest, Bottomland Hardwood, Old Field, Palustrine Forest/Scrub 
Shrub, Unvegetated Shoreline, Paluotrine Open Water/Palustrine 
Emergent, Urban, Cliff Face and Agricultural Land. The Upland 
Foreat is the most extensive cover type in the basin. Agriculture 
land comprises the largest single cover type. The Bottomland 
Hardwood cover type is second in size, Palustrine Open Water / 
Palustrine Emergent, Faluetrine Forest / Scrub-Shrub and the 
Unvegetated Shoreline are the wetland habitats in the floodplain. 


Of the thirteen species of trees encountered in upper 
dreftnt rier River, White Oak (fluemip alfrfll is the dominant tree. 



065-mus34 266.jpg 



lt*d f &CB t ftVal fl) And White Pine fpjpi.H atrobus) w Qre eouad 

Mhie * °* k C( ™mufiitte* ere comprised of young, second growth, 
|i#a 11 hy trees, Tree rnproduct ion and survival is good with Red 
Maple, Whits Pine, Hemlock, White Aoh r Black Gum. Green Aah and 
Cherry Birch the moat frequent and largest canopy species. 


The lower slope# having an east no northwest aspect include 
species of canopy tree* consisting of Cherry Birch ( Betula lenra !, 
Uaeswood flilii P Sugar Maple f Acer naccharmt^ and Red 
Oak. 


The bottomland forest along tributaries of the Greenbrier 
*tv«r «re Associated with Smooth Buckeye l ACsculus ^r.nrtr.1 and 
auger Maple ( ftCflr BflC i l hajMl - The Buckeye - Sugar Maple Community is 
rich in gnundcovar species. In all, 94 species of herbs and woody 
seedlings ar, present in the study area community. Among the 
herbaceous flora, Hog peanut, stonecrgp and Blue Violet are 
important ground apecies. The overall vegetational composition in 
the project area is a excellent resource. Much of this resource is 
in the care of state and national forest#. 



3 ’ fcCmiMj. The project area contain# a very diverse 
composition and community of animal life. Became of the diver** 
habitats in the study area a rich and complex animal acoayatem has 
evolved. Along the Greenbrier River, mink, muskrat, and beaver are 
U ■kuhdance. Many toil'd apecies are found in the area, both 
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and transient. Hunter use in the project area is 
forest game oriented. Deer, squirrel, raccoon., fox, tuffed grouse, 
and turkey are sought with excellent success. Cottontail rabbit 
and woodchuck are also found in abundance - 

A herpetofauna (amphibians and reptiles) survey was conducted 
in the study area in 193? by the USFWS Elkins office. Low-order 
streams and their adjacent riparian areas provide habitat for 
numerous species of herpetofauna, particularly salamanders. Many 
of these species are restricted to specific habitats, requiring a 
combination of shallow, swift flowing water, rocky boulder-stream 
bottoms, and shaded, cool, stream borders. Many tributaries of the 
Greenbrier River in the study area have these characteristics. 
Because these areas would be a part of the impoundment pool 
inundated as a result of the proposed project, this survey was 
important in determining losses. The survey shows a very diverse 
and rich herpetofauna in the project area. 

® L AQUATIC . 



2 - Th * Greenbrier River contains ideal 

emallmouth base habitat. The river provides excellent cover, a 
minimum of high muddy water during spawning and a gradient 
conducive to an excellent email mouth population. walleye, 
although not regularly caught, are present in the deeper pools of 
^ * iVer HOuth Df Marlinton. Rock base are the most abundant game 
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fish i" the Greenbrier River and have been collected throughout the 
river. Flathead catfish are fairly abundant, while a few channel 
catfish are present in the deeper pools of the Greenbrier River. 
Carp, although not abundant, occur in seme sections, Hogeuckers 
are the most abundant rough fish, and several forage species are 

present. 


Many of tributaries of the Greenbrier River in the study 
area, particularly those located in Pocahontas County, support 
native brook trout populations, A number of tributaries are 
stocked with trout by the WVDKR on a put-and-take basis. The 
larger tributaries all contain good to excellent warn water fish 
populations, with small mouth bass and rock bass being the dominant 
game species. 

A number of species found in the study area are of concern to 
the state. These include the tonguetied minnow (Exoglosaum 
lauraeK Sew River shiner (Notropis scabrioeps) , Kanawha minnow 
(Phenacobiue teretulus) , big mouth club (Hocomis platyrhynchue) 
and the fine scale saddled darter (Etheostoma osbumi) 


f 


2. B3 BTHIC . Benthic maeroinvertebrates are small bottom 
living invertebrates visible to the unaided eye. These organisms 
*te relatively immobile and form an important part of the food 
=hatn of higher organisms and are directly affected by silt and 
ChSn9ea in water finality. Life spans for most of these organisms 
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are mere than one year. Critical change in water quality or 
habitat, even of short duration, can he detected through an 
evaluation of the presence or absence of these organisms. The 
Greenbrier Stiver has a rich and diverse benthic population, 
indicating excellent water quality and substrate conditions. 


*J 



At the request of the COE, the USFWS (Elkins Office) 
conducted a Greenbrier River native freshwater mussel fauna 
qualitative survey in 198S and 1987. The survey was comprehensive 
and covered all of the Greenbrier River. This survey also included 
the river reach between Cass and Marlinton. Eight species of 
native freshwater mussels were collected during the survey , In the 
lower 29 .5 mile survey reach, flptinonai ag ligamentina carineta and 
S lli 'Pt l fl dilatafa , were the most frequently encountered, 52 T 5 
percent and 39.0 percent, respectively. Lsmosilie fasciola 
L ampaiU fi ygntriwga , CYCl wiaias tubercular.* . and Alasmonrinnr* 
BMBtlttafcaj were also relatively common with 3.9 percent, 2.2 
percent, 1.2 percent, and 1.0 percent. This study and a previous 
study of mussels in the Marlinton area clearly demonstrated the 
habitat preferences and headwater species composition. This is 
n»st evident of the dominance of hasmigona subvii-id i ff i n the 
headwaters and the absence of A^.i- carinata and the complete 
reversal of this situation in the lower reach, in relative terms, 
the upper Greenbrier River provides little suitable habitat for 
£ t«rtiwater mussels because its substrate consists predominately of 
Packet coarse gravel, cobble, boulders, and bedrock. Only three 
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ar * known from this upper section; £k_i-— j_, 
and E t neecending the river, bett er mijttllir ^ 

o£ clean-swept silt, sand, and gravel habitats preferred by mussels 
fill the more frequently encountered interstitial spaces between 
the cobbles and boulders, E. dilni-ai-a and A. mar-alnata appear to 
have a wider range of habitat preference while Tritoaonia verrip ^ fiB^ 
and fiUtolglfllfl have very narrow habitat preferences, silt and 
sand, respectively. Species diversity and abundance increased, 
descending the river. 


3, WATER gwu,TTX . Water quality in the Greenbrier River 
within the study area is excellent. The data show adequate 
din solved oxygen, water temperatures, pH and dissolved nutrients 

necessary CO 8upp ° rc - *»d water fishery. Pollution 

influencing water quality within the study area is primarily from 
a tannery located upstream of the dam sites and from domestic 
sewage Other sources of pollution influencing the Greenbrier 
River are marnly in the form of increasing turbidity levels and 
suspended sediments as a result of limited agricultural grating, 
and logging practices. 


C - WHW" 1 fiEECIEft . The only endangered species listed 
^ the Department of the Interior which could potentially be 
®£feeted by the project is the Indian, bat. 

P«ian habitat of potential value to this epeoiee w c ,„ 

° n8 C ° Uld ^ altered b¥ the pr0 ^ ect - * -man hibernating 
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popula tion of Indiana bats is known from Caas located near 

cass, west Virginia at the Greenbrier River, approximately ie 
miles upstream of the project eite. 


A number of animal and plant species found in the vicinity of 
the study area are of concern to the State, however, their actual 
status is unknown. These data were compiled by the WVDNR, Heritage 
Trust Program, and WVDNR, Division of Wildlife Resources. These 
include the Hew River Shiner, Hotropis scaobicepa , big mouth chub r 
Hocomie platyrhvrtChue , tonguetied minnow, Exoqlossum laurae , 
Kanawha minnow, Phenaco biua teretulus , five scaled saddle darter, 
Etheoatoma osbuani , Appalachian darter, Fercina gymnoceohala . cave 
salamander, CUFYCea lucifuaa. false melic, Schizachne purpurasceras . 
and swamp lousewort, F edicularis lanceolata . 

The Corps, WVDNR and USPtfS jointly conducted a bat survey to 
determine the use of riparian habitat by Indiana bats in the 
project area. The survey was inconclusive in its objective. Many 
bate were mist netted but the Indiana bat was not found. 
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jrr.; rwFftCTEP FEsouRrr* 
A - Wet ajy ^j. 


1. lEEBESXEJAL- 

VEOETATlOgr wet dam concept will require 

acquisition of approximately 3,446 acres of land. Approximately 
1,520 acres of land will be inundated by the summer pool elevation. 
This represents all habitat types in the project area, A 1976 
edition of Habitat Evaluation Procedure (HEP) was performed on the 
same type lands and habitats that exists in the study area in 1989, 
This HEP gave an overall value to all lands at ,75 or one and a 
hal£ timee the avera Sfe. Average in the HEP is ,5 out of a possible 
1,0 ' In additi ° n to the acreage in the summer pool, land above 
Will 1* impacted to a lesser degree because of storage of flood 
floes. To account for these losses 300 additional acres was used. 
If we assume a total loss of 1,M0 acres of habitat at 1.5 times 
value, this would equal a, 7,a acres. Since any replacement land is 
existing then a doubling requirement would be 5,460 acres to equal 

thS Vet,etaCi ° n loeSes - Taii «t.« releases, despite erosion 
control efforts, could have some adverse impacta downstream of the 
dam. 


b. MIMAL. The animal losses associated with the 
* would and will be on the same loss base as the vegetation. 
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Tb* project tail water would be changed significantly jjy t h e 
projects The flow release regime would be changed to accommodate 
recreational use and to provide flow augmentation during low flow 
periods as mitigation for stream losses due to reservoir 
development. The Greenbrier River has developed its great 
diversity and richness of habitat by being exposed to great flow 
changes on an annual and geological time scale. Changes in this 
regime could cause effects on the river many miles downstream. 
These impacts from changed tail water releases will change not only 
the fishery but all aquatic systems. Some of these impacts will be 
positive and some will be negative. More water during the ordinary 
dry periods will enhance some species, such as fish, but could be 
negative in the life cycles of some benthic species that depend on 
the dry periods. 



b ‘ MIC. The wet dam concept will completely 
eliminate the diverse benthic cormnnity of the Greenbrier River in 

“ 1 mil<iS ° f the riVeT ‘ In additi ™ the areas above summer pool 

1,1 Che UPPer reaches " m frequently inundated and will 

suffer from silt and sediment deposition. 


Tail water benthic communities win also be impaecsd fcy 
changing the f low regime. changes in fiow regime will change 
species composition end could eliminate many ape Cie6 that have 
ev °lved under the present regime while enhances others 
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mussel populations are very lew In. the project area and 
11 disappear entirely in the project poo) impact areas. Beep 
rt*ter P temperature and head wiber nilt and sediment will * c t to 
eliminate the species new there, 




c. WATIiK_QUALITY . The wet dam. If implemented,, 
would completely change the water quality of the 13.3 mi lea of the 
project pool. The water would be pooled and develop into a 
at ratitied lake during summer months. The river as it now exists 
is one which supports a diverge fishery and benthic. The created 
lake will have a lean diverse fishery and benthic. The lake will 
change the water quality significantly in many ways. For instance, 
the steep sided lake could have warm water at the surface and a 
very cold and sometimes oxygen depleted, hypolimnion. This 
situation will cause diversity to lessen and an artificial fishery 
will need to be implemented and sustained by management. 


3. MPAflQEKEP SP E C I E S. The wet dam. by eliminating 13,3 
™ 1IoS ot ri P ariari and fl^dplain habitat, could have adverse 
offsets on the endangered Indiana bat. At thia time effects on the 
utate list of concerned npeciep la unknown. 
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^ a. PRY 

t 

x * xmirnm, 

a - VffGSTflTTQFJ■ The dry dam concept will have some 

adverse impacts on the project area, however, these adverse impacts 

Will be relatively less than the wet dam concept- The dry dam will 

have an outlet worke that win pass normal and bank-full release 

flows. Flood flows will be held to prevent damage downstream. 

These flood level impoundments will vary according to rain fall in 

the upper basin. Most flood Fir*** k ij u T * 

tack by the dry dam will fce 

released in a ? day maximum period. These impounded waters will 

effect the vegetation according to the tree and sorub/herbaceoua 

water tolerance characteristics. The quick release character of 

the dry dam will probably have the following adverse impacts 

the water intolerant species will die from inundation. 

second, in many cases the mature tree will survive but be unable to 

reproduce and the result will be no species recruitment in the 

impacted area. In most dry dam areas the older species survive in 

“ lBOlated SltUati °" " ith ° Pen 3ra3E — between. The steepness 

! b T hillB in th6 11001 “ Uld «« a temporary erl sion 

mm from increased inundation frequency. The araouot ^ 

ected acreage is not avaiiable in suffice detail to analyse 
Ctual quantitative losses. 

b. MUHU,. Ths dry dam effect on animal Ufa la the 
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will be adversely impacted according to the gradient 
0 f the stream and the duration of flood poolo, Moat animal life 
addressed in this section are not entirely water dependent and can 
move as flow impoundment necessitates- Because of the relatively 
short duration of held flood flows most species will move upstream 
or uphill to avoid impact. 


a. flOUATTC - 


a- The dry dam concept will have adverse 
impacts to the fishery by more frequently inundating the river 
behind the dry dam. This action will cause increased silt and 
sediment to be deposited on the river bed. Also the temporary lake 
Vl11 eliBlinate species such as darters and riffle and run species 
by making the water and habitat deep. Most of the impacts will be 
close to the dam. The quick rise and fall of the Greenbrier flood 

events in the project area will lessen moat long term impacts on 
the fishery. 


lb the tail water area, adverse impacts will occur. These 
impacts win be caused by temperature changes caused by the 
impounded water even if of short duration. Flow releases will be 
" eld C ° bank ‘ fu11 condition when possible and less impact will 



b + S EpjfHIC . 


The dry d*m concept will h*v* 
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K. 

uigj3i* ipant adv ei-ae impacts from the dam upstream. Then* adverse 
lmpa ces will lessen upstream because the inundation frequency will 
be diminishing H The diversity of the benthic will be adversely 
impacted by the dry dam. 

Mussel populations will be impacted adversely from the 
impounded waters. These impacts will lessen going upstream from 
the dry dam because of the reduced inundation frequency. Sediment 
deposition will be the most adverse impact on the mussel 
populations in the dry dam concept, 

c. WATFK flii&Iim . Water quality under the dry dam 
concept will have limited adverse ejects. The water quality of 
ttle rlver could ehan 9 e in temperature, oxygen, nutrients, and other 
phyaical parameters such as excessive silt and sediment load. The 
cause of this change would be the impounding of water behind a dry 
dam. The release of these held flood flows could be adverse to the 
tail water areas for the same reasons. However, these impacts will 
be very limited compared to the wet dam. 



E MPAMGgHKD 5PECI B £. The only DO I recognized 
endangered species in the dry dam project area is the Indiana bat. 
This bat uses the riparian areas of rivers like the Greenbrier 

dlJrln9 tha Su ™* er - The lmpacCe wiU be directly rei at e d to loss of 
*le«ria„ habitat in the dry dam impacted area. These impacts 
Uld not significant, 
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jy fyrTlSATJPW MEASURE^ PORTS . 


A. WET nj^j 


1 - TERRESTRIAL . 


a. VEGETATION . Approximately 3,44 6 acres of land Is 

required bo be purchased for the wet dam concept. These lands 

consist of all terrestrial habitat types recognized in the USFWS 

reports on the Greenbrier River terrestrial resources. A partial 

HEP was conducted on the project area by the WVQNR, USFWS and the 

Corps in 1989. This study produced a overall terrestrial habitat 

value of 0.75 out of a possible 1.00. The average forest of this 

ft *»• " >uld be ranked St 0.50. Using this assumption, the 

comparative value of the mitigated lands would be approximately one 

and a half times. Therefore 1.5 X 1620 acres equals 2730 acres of 

mitigation lands needed. To equal the original lands, however, the 

forest to replace the loss of lands is impossible to purchase. 

Physically and financially. The only realistic mitigation solution 

18 to enhance the local and adjacent state and federal forests. 

However, when you wish to replace forest land with forest land you 

have to consider that the new or mitigated forest land is already 

there and has equal value. Therefore, you have to double the 

mitigated land else requirements form 2,730 acres to S, 460 acres of 

e nhancement land. Value of an enhanced mitigation effort per acres 
rang<i B 

I Very wide monetary spectrum. For instance, some enhanced 

I? 
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Jan^ mor * chan $1,£0D per acre. These lands requited 
intensive input and management efforts that were a major factor in 
the high coat per acre. The costs included in stream structure and 
other high cost items. Because the National and State Forest in 
the project vicinity are intensely managed at this time a much 
lower cost per acre can and should be used. Using the realistic 
Cost of $ 100*00 per acre at 10,338 acres equals a total terrestrial 
mitigation cost of $546,000. 


I* 


This mitigation plan is based on a realistic and implamentable 
approach. The state and federal lands have management plans In 
place and these plans can be used to guide mitigation efforts. The 
mitigation monies and efforts could be a joint effort by the local 
forest management and the Greenbrier River mitigation team. This 
mitigation approach would be useful to the local forest ecosystem 
and affordable for the project costs. 


Other environmental disturbances on project lands during 
project construction will be undertaken in a sound environmental 
engineering procedure. 


b. ANIMAL - The animal mitigation is included in the above 
mitigation concept. 


3. AQUATIC . 

a. FISHERY . The following mitigation concept include* the 
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benthic an ^ water quality impacts on the project, The teas of 13 . 3 
mil® 3 Greenbrier River, as a result of the Wet Dam, cannot 
reasonably be replaced. with the lose of this section of lotic 
water, it ia necessary to attempt to reduce the harshness of the 
loss through mitigation- Mitigation for adverse impacto is defined 
as measures to avoid or limit actions which impact upon fish and 
wildlife resources, to restore impacted habitats, or preserve those 
habitats which can be expected to be otherwise lost without 
preservation, or to compensate for losses through the substitution 
or more intensive management of similar resources. 






The loss of 13.3 miles of the Greenbrier River caji be 
quantified in the following way. The river has an average width of 
27S feet, therefore 275 feet X 13.3 miles equals surface acres of 
44 3.3. Assuming the average value of a stream to lake system is 
ten times on the side of the stream, then, the lake value of the 
river is 10 X 443,3 which equals 4,433 surface acres. The created 
lake will have a surface acreage of i,s20 (summer mini™). 
Therefore, 4,433-1520 equals 2913 surface acres that the lake will 
have in losses compared to river value. This loss can be partially 
offset by an increased flow regime from the lake downriver during 
the dry periods of the year. Although the argument can be made 
that river water does not equal enhanced habitat, for this exercise 
W6 will assume it serves as a reasonable proxy. Therefore the 
‘"creased flows can be considered offsetting the losses of surface 
* or «- The increased flows will have a partial enhancement value 




19 


081-mus34 282.jpg 


on cfte downstream river that can be considered equal to losses ot 
surface acres. 

The lake will have a two story fishery potential. To further 
offset and mitigate the loss of river habitat compared to lake 
habitat, the following measures are proposed; 

* Nearby the project site the State of West Virginia has a 
cold water trout hatchery (EDRftY) . This hatchery can be used 
to develop a deep water fishery in the lake by supplying trout 
to the lake. In order to make the hatchery able to meet this 
increased capacity of trout needed, two additional ponds can be 
built on the present hatchery. Using the costa of Bowden state 
t Hatchery recent expansions, an average site additional trout 

hatchery pond costs approximately one million dollars. 
Therefore, the costs of adding two ponds to Edray hatchery 
would be approximately two million dollars. 

The tailwater area can also become an excellent trout 
fishery with great recreational potential. Trout fishing would 
attract many people and have a positive financial impact on the 
Marlinton area. Bottom releases from the dam would assure the 
v-ber temperature needed for trout habitat. Nutrient levels 
might be questionable for a trout fishery, but cculd ^ 
enhanced artificially. Because of the steepness of the valley 
atr ' am ° f thB ^ (C001 ‘-P—turns), the trout fi.hery 
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be maintained ten or more miles. This would extend the 
trout fishing ares to the vicinity of Marlinto 0 ' present 
hiking trail can be used for fisherman and stocking access. 
The cost of this measure would be relatively low because the 
stream structure is already suitable for trout fishing. A good 
estimate for the costs of this tailwater trout endeavor would 
be about $20G r OO0 maximum to implement a stocking program as 
well as nutrient enhancement if needed. 


b. pEtTTHIC . Same as above. 


C, WATBR__QH&LITY . Same as above. 


» 


b , mum- 


1. TERRESTRIAL , 


a. VEGETATION , The dry dam will release river flows 
up to bank full conditions downstream of the dam. 

The dam will hold back flows in excess of bank full. These ponding 
flood flows will have impacts based upon seasonal (most high water 
will be in the winter -spring)' flows and flood flow retention 
duration. The retention times are relatively small because of the 
8teep gradient in this section. Therefore it is estimated 
that first five miles above the dam can be considered adversely 
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t * ie dr y dam. Based upon the wet dam impacts, a 
conflsrv^i- v e number of adversely impacted areas would be,- goo acres 
of land with negative impacts. Value of the land, according to 
partial HEP numbers is 1,5 X GOO equals 1200 acres. The 1200 acres 
would double on new forest lands, therefore 2,400 acres would be 
needed for mitigation enhancement. These mitigation areas will be 
confined to enhancing project lands only. Using the same estimated 
assumptive $100 per acre forest enhancement numbers used in the wet 
dam mitigation, then $100 x 2, 4Do acres equals a mitigation cost of 
$240,000. As in the wet dam concept, other disturbed vegetational 
areas of the project will be offset by good environmental 
engineering practices. 


y 


b, &WIMAL . Mitigation of the negative vegetation 
impacts will also mitigate impacts to animal life. 


2. AQUATIC . 

a, HISHEEX' dry dam adverse impacts to the 

Greenbrier River fishery, benthic, and water quality are as 
follows; the dry dam ponding regime will determine the impacts to 
the aquatic ecosystem. Using the same impact ponding as the above 
Wet dam ' five miles of negative impact seems reasonable. Again the 
value of the five miles will be 1.5 X five miles equals 7.5 miles, 
a °< if 7,5 miles of stream are improved, then is miles of river 
ie needed. The 15 miles of river enhancement can be 
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ori the itnmediate Greenbrier River and its tributaries,. 
Farther investigations will be needed to determine where and what 
Kind of river enhancement measures can be implemented. The cost of 
river enhancement measures using detailed investigations for other 
District studies is approximately $200,000 per mile. Because of a 
very much reduced intensity level of the Greenbrier enhancement 
measures, the realistic costs per mile would be in the order of 
$50,000 per mile of mitigated stream, Therefore, $50,000 X 15 
equals $750,000. 


b. BEfflTHjr . included above. 

c. wa ter gmfrTTY . Included in fishery mitigation 


085-mus34 286.jpg 



v. COPCLUSlTOtfS - The coat and losses determined in this etudy 
sjY f baaed upon assumptive data and any further study 0 f th# 
Greenbrier River mitigation costs will require further studies. 


The table which follows summarizes the mitigation costs which 
have been developed for this study. Mitigation costs shown for the 
dry dam are applicable for alternative dry dam projects having 
flood storage capacities equivalent to 2", 4 ", and S" of *un-ot f. 


» 
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EXECUTIVE summary 


literature and JJ es °“ rceB Reconnaissance cOnHisting of a 
River EvaluaH^ e n 0r< ? B Search was completed for the Greenbrier 
——--- - ^ on Study* The literature and records search 


with specif] ° n t he Greenbrier River Basin in Pocahontas County 
F al emphasis on the area above River Mile 119. 

S" of Dr y alt ff nativ es (designed to accoromodate 4 " and 

potential fc , RJ T ei \ 119 ^ay adversely impact eight 

U-S. Foj-^h? B±tes r «corded in the project area by the 

be periodic??J V ^ Ce '^ T ^5 e fl f tes appear to be in areas that may 
SJEtSfSEfr tfTrnfr, ? he e * tent o£ th*« impacts cannot be 
the sionH f VSi 11 th « cultural resources survey is completed and 
the significance of all sites ia determined. 

eight T sitea 1 bv'De^ren?1v efVOi 5 wil1 adversely impact the same 
inaccessible for future archeolM^ 1 "? Che 8it ? B and making them 
will aiflo adv^i-fl#>lu Geological excavation* This project 

diiiiSss ?orSatrsrLn ecorded eite ? in areas ^ 

i^actf «£ t S1SS e Si u ?S®s*S- Th * ext ^ nt of th «* 

s'assLssr" *■ s'iiysarS’iKss 1 


I 
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PROJECT DESCRIPTION AND HISTORY 

? f chifl Greenbrier River Evaluation Study ia to 
JSliSina S?Jfuf 1 al t«mativei3 that would reduce or eliminate 
fiaaibllGreenbrier River Raein tor potential economic 
afld tc > determine if a Federal interest irx 
continuation of the feasibility study still exists. 

^ Preliminary study completed in 19G9 indicated that a 

3 ! Cflm <Jatri on the Qr eenbrier River located between Marlinton 
feasibilit We9t virginia ' greatest potential for Economic 

All available information was reviewed and those 
ternativea chosen for this Evaluation Study appear to have the 
greatest potential for economic feasibility - Dry Dame with no 
permanent pool operated only for flood control/ were evaluated 
at both Site 110 and 119 because these sites have different 
advantages and disadvantages with respect to this type of 
structure. * J 

c ??I! i l! ered a «* part of this study was a multi* 
purpose dam at Site 119 having a seasonal pool with 1250 to 1500 
surface acres at an elevation between 2316 and 2349. This dam 
2?K a f fl i C ° excellent land use potential along the lake 

with a large number of access possibilities 

dame J™ being considered for mainstem 

dams are located on the Greenbrier River at River Mile 119, about 
eleven miles upstream of Marlinton, West Virginia. These 
projects which include two dry dams designed to handle 4 * and 5" 
Report f a ^ “purpose reservoir are the subject of this 

f or , the Greenbrier River Evaluation Study was 

House of^J eS ° U J ? n the Public Works Committee of the IKS. 

House of Representatives on 10 May 1962. Following the 

West*Vii™? ‘ XOOd ° f November studies underway at Marlinton 

reduci™ f? A T** re - d i rect * d tow ard assessing measures for 
reducing flood damages throughout the Greenbrier River Basin 


ENVIRONMENT 

The Greenbrier River is one of the longest fre«-flAwino 
major streams in the eastern United States. The river's main 
channel is formed by the East and West Forks and flows south 16 ? 
miles from Durbin in Pocahontas County, West Virginia to the 
River at Hinton, Summers County, West' Virginia!Tb* intire r* ver 
is located in the Allegheny Mountain Section of the Mixed 
Meeophytic Forest Region of North America. Mountain ridges and 
valleys are oriented north to south and are connected by narrow 
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Elevation i* the area varies from 4840 feet near Bald 
Ktsc^ 2130 feet along the banks of the Greenbrier River at 
Merlinton. West Virginia (Evans 1988) , 

Climate of the area has a north -temperate affinity with a 
total mean annual rainfall of 4a inches and a mean snowfall Q f So 
inches per year. The mean maximum and minimum temperature for 
January ia 4 4 and 22 degrees. For July the mean maximum and 
minimum temperatures are 80 and SG degrees (West Virginia 
Department of Natural Resources !96g)’ r 

Factors of temperature and precipitation, along with 
characteristics of topography and soil, have resulted in a 
northern hardwood vegetation type characterised by a mosaic of 
deciduous, coniferous and mixed forest communities. Braun (1950) 
classifies this vegetation as a mixed mesophytic forest type. 


Soils of the upper Greenbrier River include bottomland soils 
with 0-3* slopes and upland soils with 3-80* slopes. Bottomland 
soils include Tioga Loam, Chavies Loam, Lebdell Loam, Chargrin 
Silt Loam, Potomac Cobbly Loam, Allegheny Loam, Holly Silt Loam 
and Orrville Silt Loam, Upland soils include Berks-Dekalb 
complex, Shouna Silt Loam and Laidig Channery Loam fFiegal 1986) 


. ’ the Upper Greenbrier River is characterized 

by inter bedded shales, sandstone and limestone. To the west the 
Devonian formations are overlain by Mississippi** shale and 
sandstone. Overlying the sandstone is Greenbrier limestone w^ic u 
outcrops throughout most of the upper Greenbrier River. 


b ^ a ? tHi J lfldale ! member of the Greenbrier limestone 
?° d ^ r che ^ ^llsdale ^ert) which was used by 
P ric Indians for stone tool manufacture (Lesser 19 90 ) . 


CULTURE HISTORY 

dated T in ? d±an TT S?5 i ? i „ haa b** 11 cons:latently radiocarbon 

aatea in the western United States to in son SC rs 

views hold that Paleo-Indians were highly mobile ... 

ho followed herds of mastodon and caribou. Current 

refL^% ShaWn&e Hini3ink Sic<s in Monroe County, Terms Vivaria 

! C £ ed a much different picture. Dent (1931 - 7 <n „ 

mo) hE * Vll y <Wp«ndant on fish (O.S. Ar™y Corps 

Archaic Period dates from 8000 to 6000 B c , ; , d 
hunted 5*°^ spnctium hunting and oat her i 

Sril v deer and gathered a variety of nuts berri«™nd 
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other plants► Projectile points become smaller and have serrated 
^ +s - Arm y Corps of Engineers 1990) - 

The Middle Archaic Period dates from 6000 fi.C. to 4000 Sx. 
Ic is characterized by the addition of ground stone tools to the 
artifact inventory. Ground stone artifacts made by peeking, 
grinding and polishing include adzes, axes, bannerstoneB, and 
pendants. Ground stone tools such as manos r mortars and pestles, 
and nutting atones are interpreted as plant food processing ar¬ 
tifacts and indicate increased use of plant foods {U-S- Army 
Corps of Engineers 1990), 


The Late Archaic Period dates from 4000 B.C. to 1000 & C 
It was a time of population increase with more complex social or- 
ganiiation. Several wild plants are domesticated during the Late 
Archaic, These include Ea e t Mexican Agricultural Complex plants 
such as gourd and squash and Eastern United States Agricultural 

ml "irS-W* ™r S h elder and Sunflower 

[u.S, Army corps of Engineers 1990} . 


The garly woodland Period 
Two major developments include 
construct ion of burial mounds 
1990) . 


dates from 1000 B.C, to 200 B.C r 
the manufacture of pottery and the 
fU.3, Army Corps of Engineers 




aa«^*HiddS e S^d d 0 ^"^^“ e | r |™ «« B.c to A. D. 400. 
Ohio where the Hopewell flourished and known in Central 

earthworks. i n West Virginia the n ^ erou ? ^ge 

representative of Middle^Woodland Indf™ ctJl ^Y re 1S mQEt 

scattered hamlets and left no RS continued living in 

mica or prismatic blade lets made of Ohin^v h ?°D^S ’ ^aeionally 
found on these Middle Woodland h^mi i- hi ?n Fl:Lrit Ridge flint are 
Engineers 1990}. dlan * hamlets (U.S. Army Corps of 

The Late Woodland (A.D. 4 00 - 12 nm ua „ a 
tion characterized by population 3 a period of transi- 

raajor technological and social ^ 1003 and di *fusion of 

bow and arrowin' introduced S *»•* A.D. 700, the 

?“=??■ Outing meet o£°eh“ perf^ lLai e fr f ^ r COrI1 wa6 i*™- 

En ■ nJ 6 on farmsteads and in small hamletE^tTs^A^u ™ ntlnued 
engineers 1990} The ait* lU ' S ' Corps of 

5“fiJt2ri3' exteSi en i iVe 

9 aftd gathering stations from A, D. 700 to 1 USftd 

By A D hG i 3 n«* Prehistoric dates from AD i 5nft k 

agriculture 0 Woodl ^ d horticulture was replaced to l7C0 ’ 

b Y large 5 *** badland hamlets along major riw«*12™* V<& co:: 
f Po « Ancient villages. 
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and shell temp ered pottery tu I triangular arrow pvi.nt s 

Although numerous Late b 2*-' « S '* Ar " y Corps of Engineers 19501 
the New River none h™«. £ ehlatorlc vlll ‘ i ses have been recorded'™ 
one have been recorded on the Greenbrier. d on 

Honongahela ^Natiin^f S v <SiVlde ^ the Historic Period in the 
— wit h 

^- T in b5“ erae "i «*;?• i’oo-isoo) 

Stephen Sewell. The two scent Wlth Jace>b Marlin and 

St their camp in the delta P formeS' b^T■ of = 17S °-l 751 together 
S al " near Che east bank of KnaDcv and 3 slough or 

Clarkson 1990;S). The two sepjStL * ek (Price 1901:195; 
religion and Sewell (the Protester? over3n argument regarding 
tree within speaking distance of £LT° Ve l£ 0 a hoUow sycamore 
remained in the cabin they had biH^e" Catholic) who 

later moved alone to the New tPri ? e WOlilOS). Sewell 

fSon®?®' M ‘ rlin returned to Vi^in^St he was found slain by 

iS9h:S r Davis 1370:53,1, lr 3m±a (Price 1901:105- Clarkson 

The next white settles =,i 

Lewis and his eon Andrew whn _ ot19 the Greenbrier River were 7 ~v,« 

Company* 

and hence named the GreenbriefR^fS^^^^^ the 

Scotch-lr ish descent, had 
attacks during fhe RevoL?f^^ 1 ^ r V ^ a 1 *y/^responfe W fo^Indran 

( y- D - l80 °- 

toth /develop dev * lo P™*nt of ro,dV Was largely 

ss-iS S l L “'^ ss&sriS? 1 H 3 Me 

(Comstock ^i. th6 da ^ter of 
War Berv&rfkf^ of roAds constructed in the 

e **ly m^ior ? ° pen communication between the l^ ri ° r tc Civil 
f transportation routes were the ^ !??° r Val ^eya. 
th * th i Around 5**f^«Si U 4 th. 

c °nplet*S r * be 9un. The Warm Springs & =j un 5 to and fr or 

Harm bridging every «rfa£ ^Uropik- 

present dav J Prlce 1907:73). This was C S* f- Hu nt C r®vxile ta 

home of JohnCounty. A s« 1 JjJ t £ S’ ahllc in" 

BradBh aw rn present day HunteEm?. f S tr *^ »t the 
5 ****** hunter* 
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brought in cheir pelts, venison, ginseng, etc,, hence the name 
Hun conif^. ? ck 197 4=«>- The Staunton t Parkersburg like 

r” v.?!e r^ ,io " 2 ' 3 later. About 1854, the hSu- 

Lewis burg S Marlin^m Turnpike was begun--the same year the 
I in ton were rvi=.i in 5° n T ? rn P lke and the Greenbrier Bridge at Mar- 
plartned. All were completed by- lSSfi (Price l9Q7 f 73) . 

activ?M^ g - th \ Civil War ^rdod (A, D. 1060 - 1865 ) military 

""" a act^Ls a wJ ained 

With the south ^ con^bu^d’bo^^LSowefanh 3ided 

Confederate forces stationed in^ ^f?Davif 197 ^ 70 ?* “ the 

beginn^^^l^i »* *■ . 

War, as the immense timber stands h___ {? snd after the Civil 

financiers became interested in the known, speculators and 

north-south orientation of the but , the general 

the topography slowed the devei nnm*a? 4 . en J e ?i„ and ■ the of 

the area (Clarkson 1990:7) , P t of the timber industry in 

Thi© Grs&ni^-irisr Riv^Ejit wsa i jopni §_ ^ 

spring when it became S . 1098 in the 

»\t purpose date® to at lease laot 2 us f A of the riv ^r for this 

lQ 9fS were floated on the Greenh’r^^ 0 ? 104 9 trntii the Civil War, 
near Harlinton (Clarkson 19 90 : 7 ) . ° mi Ila at Riverside 

4 fter P the e fi I ^ y S etcler t ™cS“l^aj^) a ® n ^i 1 jaef Bc,tto( " lnam6d 

known aB Marlin's Bottom were n£SwJ}“ ^ 887 ’ The fa ™ s 
Colonel John T. McOraw At that M^ ^ 1 " Decemb ^ 188 0 by 

1990 - 19 ? Wa ? 1 faa r renaraed Marlinton < WGS^ 9 ? 9 ”?f . ^ £ f£ in 
Warlinton. *” 1891 the “ Unt * heat changed till' tQ 

Greenbrier Lumber C^any^'ie?! 60 ®?*-"?^ 11 the formation of the 
oawmrila near Ronceverte* ?he»Rig Mm^ Ct6d two 

blfd.. P en3ine - 1 muley ea w, 1 circular S a« V boile «- one 

^eU; s r& 0 !£. had a 3aWin9 l*Q?000 W feet^per 

ana had m ^ ri i 7 frc "" the " liddIe «*h«>e^f th^S«* d K f f° m the 
reaches S*3* *2 »* “fted to downstream milL -rha ^i " 

P ^acceeaibl» h Heubner and its tributaries witJ i, Upp f r 
lumbering Wlt ^ the development o£ i.i ie railroaH 1 f? ely 

i^etry operated with^high int of 
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years* , time most of the arca'u marketable timber had 

cut. With this the region returned to agricultural pursuite 
dominant ring the mid-nineteenth century and those induotrisa 
aupporteo by peak lumber production began to disappear. Many 
toi^nc ana Commercial enterprises were abandoned as were all but 
the main railroad linee (Davis 1978 i 87). 

T5 e ^ost-Lumbering Period Decline (A,P^ 1920-Present) 
coincides with the development of the National Forest. Logging 
companies operating within the area during the early 1900a 
employed widespread clearoutding as a means of harvesting timber. 
The practice resulted in the accumulation of heavy slash and 
often resulted in forest fires that destroyed the humic topsoils, 
as a result, flooding became more frequent. In March 1907, 
disastrous ^flooding occurred within the Monongahela River basin 
resulting in approximately $100 million in damages to 
agricultural land along the river and another $& mUli o n ln 
damages to the city of Pittsburgh. Thie catastrophe led to 

1 Jan ^ ary 1908 ' and OilSSated in the 

progress was made during the ml£ Mudh , 

improvement The Civilian . . acquisition and forest 

p2^Si^^SfSd i iMS 0r 5:- ( ? so ' ac ^ ve in 

building roads trail* Zt ?■ 1942 ' was responsible for 

^ny,denuded slopes. CCC ™^«s £err*oper£sed“5 a por f th ‘ 

^^med ^eIc^ “2 " ere h ° Used in «™P8 built 

and normal fsofliUe^oludS *« «•» 

hall and offices (Davie 1978 : 83 ). ' itchen, mess 

rsiss hu t rf er ? snowsh ° e ski «•««. ^£ y e ™ y 

Riarri "" t toric tourist attractions among its 12 KiHnni,i 

Eitea - These include the Droop Mountain Rai-i-ii? 1 ^ 

Cultural Raeourcas 

none o*%h£ t ^ Da L Re 9 i’ Hi6totlc Places was checked end 
the proie^ «es 8 liS PoC<,hontaa c °“»t y i£Uj£ in 
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st»e. , wSJE 1 !?iS5*v££iS! ”^ r |=°^ ed ln th * ^gini. 

—7 archeol09l =^ S» h tS 3 Sii^S t is;: 

■ij(ht T altas i in d 0 r t ?lJf !T reBt Service recorded the following 
Resources OverviL S ►E5\. proJee J ares in iCB 1978 Cultural 
the sites were Wational Forest. Ho n ^ 

National Registf^ ££&•&£? evaluated *» 

Site 03-025 

This is an historic band saw min b „ , 

It i B unknown if there are any a rc hin)^^f Haywood vicinity, 
The site is owned by a non-FeLtl^ J™ 1 ™ at the eite ‘ 

evaluated for National Register of ■ *!}? has not been 

yister of Historic Places eignificance. 

Site 04-001 

This ia an historic band sav Biiil 8 it ft u . a 

Lick. It is unknown if there ™ ln . th * Vlc ^ity of Clover 

the site. The site i fl owned by a noJ ^ heo |ogiGal remains at 
been evaluated for National ReaistPi-^federal entity, and has not 
significance* Register of Historic Places 

Site 04-003 

Cliver S tfck reh ThR°Bite m h“" d n ot t b 6 en eate ? the uicin ity of 
Register of Historic Places sLnifJ 1 . evaluat ;d for National 
Federal entity. significance and is owned by a non- 


Site 04-006 

Unidentified SJ!i! toric a r C h e ol oglca i siteB H 

™ ed Qtj ^ctures and is located about on* Jt i ^ 

sass 

®ite Bi.osi 

is£?&S5&r s.*s2t ~ ss^asss *» «• 

■ "■”* «-uwSS , ss* 1 n« -l w 
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Sine 0*■Q$ e 

rhte i* An historic saw/griet mill Bite located in the Clover 
Lick vicinity, The site has archeological remains. The site has 
not been evaluated for National Register of Historic Places 
sigriificance, and is ovn^d by a non-Federal entity. 


Site 04-105 

This historic circular saw mill site is located in the Clover 
Lick vicinity. The site has archeological remains. The site has 
not been evaluated for its National Register of Historic Places 
significance and is owned by a non-Federal entity. 



Site 04-112 


Tho.s historic circular mill site iB Seated in the vicinity 
of Stony Bottom, The cits h as archeological remains. The site 
has not been evaluated for its National Register of Historic 
Places significance and is owned by a non-Federal entity 




The most potentially significant resources in the project 
area are in the vicinity of Clover Uck. The U.S. Forest S^ice 
lists a salt spring, Tndian Mound, band saw mill saw/qrist mill 
Si£ni£." W " a hiBt « ic theological eite in 9 tMe ' 

traded !S Kentuohy d possessiois for fportro^of XTci* k 

lands to a man named Alexander Dunlap ^Price lSoi: 2 a 7 f f 

eventually mo°ed' S to a Eath 1 to~raiae%is b ohilS clover tick - and 

^til^ d a iL on3 t° h r to 

t°r"hi„, U "fi t *°* h °°”£S55? ^e^ventuaUy ^ 

Pr» a ^" Hel£ and his family. The mansion was ised exriSLJS" 1 ?" 
pceaohrng services, The mansion was removed u lb " 1 !' 1 ' £or 

1 -s»l = l3?- 2 38 ) butld hia reEidence ' and burned in left (l^iee 

and other"’ii 1 ? route for emigration from Maryland . 

Kentucky nQrth 3nd northeast passed £y?“ la 

and wi^i^lOhio This made Clover Lick oneof J^r Vb- 
kncim Places in the whole country 
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Frank Wise incorporated the F.S. Wise & 3ona lumber i-.-OHt,pany 
in February 1912 at Clover Lick, The land for the company 
bordered the Greenbrier River and was situated along Sitl i.ngton 
Cr*** and Laurel Run. In 1917, A.D. Neill and Company purchased 
the F.S. Wise & Sons company in its entirety f(Kline n.d.; 9 ). 

Some of the saw mills listed as potential archeological sit* H may 
be attributed to these companies. 


Impacts o£ Proposed Plana 

The two Dry Dam alternatives at River Mile 119 may adversely 
impact the eight potential archeological sitee recorded in thfj 
project area by the U.S. Forest Service. These sites appear to 
be m areas that will be periodically inundated* The extent of 
these impacts cannot be evaluated until the cultural resources 
survey ie completed and the significance of all sites is 
determined. 


The multi-purpose reservoir will adversely impact the same 

b ?„£Tr ently the sites and making then, 

inaccessible for future archeological excavation. This prejeci 
wiil also adversely impact unrecorded sitee in areas that will V 
developed for recreation and management. The extent of these 
impacte cannot be fully evaluated until a comprehensive cultural 

utSSLZT 9 18 « nd «» -S-fi™ 0^11^1 teT 


Recommends tione 

s t age *the ^f o 3*1 a wi ng ^"cu 1 tu ra 1 ^reeources 3 fltudies S5 

^ completed^which fie P°“ -HI 

Jn f the maximum poo ^area^for hi «°r:c 

with 2f lt s Ural ^sources Reconnaissance Rpport pr ^7 ecte 

«th the West Virginia State Historic Predation ^ f ™ r ^nated 

as "5£Fr& St£ h ;hS"is: 1 M ssrs I 5~}- ,, “ 

fSBL «LliSS.^'SS^i 

*^tS*t f "ifboric Places of all arch^i^f & "‘“S ”* 1 
te Htino b t' Tlie survey and evaluation may inel uA» te ® 
floodplai* bof*ntially significant sites and deep t Jet 
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iipon completion of the Cultural Resources Survey and 
c<? ordination with the State Historic Preservation office a 
Weitl flrandua of Agreement will be negotiated with the National 
Advisory Council on Historic Preservation to cover the mitigatii 
of National Register eligible sites in the project area. 

Upon initiation of project construction the cultural 
resources mitigation will be implemented under the terms of the 
Memorandum of Agreement negotiated with the National Advisory 
Council and SHFO, Mitigation will include excavation of 
significant impacted archeological sites and "the moving or 
documentation of significant historic buildings. 
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T Sttioy AREA 

A ideation and n^ nara! ^fr r v l.BW■ Th« OrMJibrltr Rlv*r in 
located in southeastern Wruit Virginia and Uowb 16V miles from 
£ C p headwaters In northeastern ho ca I ion tan County to its conflu 
encre with the Mew River al Minton. Tht* Greenbrier River Basin 
lies mainly within Greenbrier and Pocahontas Counties, although a 
email portion near the mouth extends into Summers and Monroe 
Counties. 


In general, the Greenbrier River Basin is sparsely devel¬ 
oped. All along the river are scattered clusters of permanent 
homes, seasonal cabins, and campers. Nonresidential development 
is very sparse except in the few urban reaches ol the basin. 

Large reaches of the river are inaccessible by primary or second¬ 
ary roads. 


The four most important urban centers that have developed 
along the Greenbrier River are the towns of Marlinton, Ron.ce- 
verts, Alderson, and Hinton. However, these towns are not of 
great size. Moat of the flood-prone structures in the basin are 
located in nomirban areas. 




Economic development in the Greenbrier River Basin has been 
very slow since the i?70a. From 197$ to 19S6, the basin experi¬ 
enced a loss of population, a very slight increase in the number 
of jobs accompanied by substantially declining total earnings. 
Personal income increased during this period, presumably the 
result of Increased transfer payments. In 1986, the ratio of 
total earnings to total personal Income was 53 percent for the 
Greenbrier River Basin-- much lower than that of the state and 
the nation, at 66 percent and 73 percent, respectively- 

E Population. The Primary Study Area {PSA) for this study 
is composed of Greenbrier, Monroe, Pocahontas, and Summers 
► WsBt vir 9 inia - As shown in Table 1, the population of 

the PSA grew through the 1970s to a maximum of 75,300 in 19A3. 
Since 1983, the population of the PSA has declined by 7 percent 
to 70,380 persons in 1990. 


About half of the PSA population llvea in Greenbrier County - 
The 19$t> population of Greenbrier County was 34,700. Pocahontas 
County, the largest county in the PSA, has the fewest inhabit 

rjutntse-ring only 9,000 in 1990. Monroe and Summers Counties 
had 1990 populations of 12,400 and 14,200, respectively. 

n™*.? cco I? di * g to the EEA Regional P rolections to ( us 

Department of ComrnarceTOctober 1990)" the population of the PSA 
J? P °w"SS!« t0 grow v * ty aiowl y- Population growth rates 
through 2040 are not expected to exceed 0.4 pereem annualIv Hv 
2040, the population of the PSA is proJ*ct«d' to SceJS i?. * 

historical maximum by only 1,500 persona. a 1CJB 
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B ‘* ia ******* Study Aru 
and Pro]*fl t *d Population, 1971 - acuo 


County 

1973 

1979 

_Ui9E:orj ?f | 
1981 1900 

1990 

1995 

3000 

-gjrhffttttf 

3005 2010 

3020 


TBWMndB of F^rffgna 

Greenbrier county 

33,7 

37.0 

37.1 

3S, 0 

34.7 

34,9 

35.1 

35.5 

36,1 

17,6 

38.3 

Mon km County 

11.4 

ia.6 

13 .O 

12.6 

12.4 

13.4 

12.4 

13. £ 

11.7 

»,2 

13.1 

Pocahontas County 

B , 7 

9.9 

9-5 

9,1 

9.0 

9,0 

9.1 

9.1 

9-1 

9.6 

9,7 

SUrnwra County 

-13-J 

15-iA 

-15, S 

15-3 


■ Hi 

-LS->S 

ou 

-li*1 

IE. 2 

.At,A 

Totals 

66.7 

75 + l 

75.3 

72,1 

70.3 

70.5 

70.9 

71.S 

73.8 

75. S 

76,8 

ftncual Growth Rate 

Greenbrier County 


2.1 

0.1 

-1.2 

-0.4 

0.1 

0.1 

0.3 

0,1 

0,4 

0.1 

Monroe County 


1,7 

0.8 

- 0,6 

-0,6 

0.0 

0,0 

0.2 

0.3 

0,4 

0,0 

Pocahontas county 


a. 2 

-0,8 

-0,8 

-1,1 

0.0 

0,2 

0,0 

0.4 

0.1 

0.1 

SXHWMrB County 


3r9 


=■0.4 


_a^ 

-0.1 

-JLJk 

SLA 

■..a-3 


Total* 


a.o 

0.1 

-0.9 

*1*3 

0.1 

0.1 

0.3 

Q,4 

0.4 

0.1 


SourM: ftBft Ktqlwal PrPlc m<?P9 tfr fOctober 1990J r and 1990 anal Of population , 

US Department of Cotwwrc*, 
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Of the four major urban areas within the PSA, Hinton La the 
largoflt, with a 1990 population of 1,453. Eoncaverte la next 
largest with a 1990 population of 1 r 754 * followed by Alderaon and 
K^vltnton, with 1990 populations of 1,152 and 1,148, respective 

iy- 

C. The Economy. During the 1980's, employment in the PSA 
rose very slightly, even though the population was declining. 
Between 1979 and 1980, Pocahontas County showed the largest 
increase in employment, with a net gain of 700 jobs- Summers 
County shows a net lose of 600 jobs over the same period, 
employment in Greenbrier County increased slightly and that of 
Monroe County remained unchanged, 'fable 2 shows historical and 
projected personal income, earnings, and employment in the PSA. 


Constant dollar {real} earnings fell by 6 percent in the PSA 
between 1979 and 1998. Considering the increase in the number of 
jobs during the same period, this indicates that, overall, 
nominal earnings per job failed to keep pace with inflation and 
perhaps even declined. Real earnings rose only in Pocahontas 
County as the increase in employment overwhelmed the effects of 
declining real earnings per job. Earnings fell most dramatically 
in Summers County, from $52 million in 1979 to $37 million in 
1988, Summers County is the only PSA county with declining total 
personal income and per capita personal income. 




Services, government and retail trade are the three largest 
sectors of the PSA economy, together accounting for just over 60 
percent of total employment and earnings in 1908. Other import - 
ant economic sectors include manufacturing and agriculture, each 
accounting for more than 10 percent of total PSA jobs. 

According to the BEA Regional Projections (1990), PSA 
employment is expected to decline slightly through 2040 with 
earnings growing slightly over the same period, Employment in 
Services is projected to grow through 2040. Employment in retail 
trade is projected to grow through 2010, declining thereafter. 

PSA mining employment has the highest earnings per job, but is 
projected to decline to about SG0 jobs by 2040. 

PSA earnings are projected to grow at an annual rate of (K0 
percent- through 3040. Over the same period, personal income is 
projected to grow at an annual rate of 1.2 percent, reflecting an 
increase in transfer payments or other unearned income, such A* 
pensions. 


In 1988, the ratio of earnings to personal income in the PSA 
was 53 percent, compared with 66 percent in West Virginia and 75 
percent in the nation, By 2040, these ratios are projected to 
decline to 45 percent in the PSA, 56 percent in the state, «nd 67 
percent in the natloiu 
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J Ifi SCONOWIC impacts of FLOODING 

Ai>. Rgaidfentlfll St ructure Damage . A comprehensive inventory 
of flood-prone residential structures in the study area wag 
cpmpleEea in 1986. This inventory listed the type of construc¬ 
tion- first floor elevation, and value of more than l H 3f>Q resi¬ 
dences in the study area, 

In January 1994, the 1988 inventory was updated to account 
for change^ in the type r number and value of flood-prone struc¬ 
tures, Structures that have been destroyed by flooding, fire, or 
other means were removed from the inventory, new construction was 
added r and all structure values were updated to January 1994 
price levels. 

Content values were estimated at SO percent of structure 
value for permanent dwellings and 30 percent of structure value 
lor seasonal dwellings. These factors are based upon surveys 
conducted in 1986 in the Greenbrier River Basin PSA. 

. ^ For an ^lysia, the Greenbrier River Basin 

has been divided into four reaches. The towns of Marlinton, 

Alderson, and Ronceverte are treated as separate reaches. The 
town of Hinton is not greatly affected by flooding of the Green- 
brier Riverand is therefore not treated separately. Hinton and 
a*l of the intermediate areas between the urban reaches are 
treated ae a single reach. 

_ . J* PWfflfrCr Structures Affected . Nearly 1,300 of the 
suBceBtihfi J OCate ? the Greenbrier River are 

?h?5! Pt i b iJ damages from the 500-year frequency flood. One- 
third of these are seasonally-occupied structures such as hunting 
^lff BhXn V abin ^ to ° ut hal£ the affected permanent reT± 9 
J ocated in Marlinton and Alderson. A summary of the 
shS^ in f Tabl^ C 3 UreS da,na9ed by various level" of flooding is 

low tjfew. structures are susceptible to damage at (nuch 

*ui of f Coding, Almost half of the residential struc- 
^?°“ year flood P lain U9 percent) are susceptible to 
carnages from the 10-year frequency flood, This includes ei 

thoae"in°M a rU n to™ Snerl,: residen “° in U<tetBon SS percent of 

2 - -Value of Damage. Average annual flood damages to 
permanent and seasonal residential structures are $l t 324^900 
aieraa^nnu^^? ^ reatest concentration of flood damages! "with 
annuai losses of over $500,000. Residential structure 

averaga ^ annua 1 * damage ej ^of^nea r 1 y^$250^000^ Table 4^^^ h " lth 

SSSrtSTi^KSiSr^ £or roeidential ■w^-SEVK. 
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Table 3 

of Structures Susceptible to Flood 

Structure Type end Level of Flooding: 

viood Event 

Structure Type 

Number of Structured Damaged 

— — _ 



1 -Yea* 

Residential 

75 


Nonresidential 

0 


Total 

75 

10-Year 

Residential 

632 


Nonresidential 

102 


Total 

734 

20-Year 

Residential 

920 


Nonre sidentia1 

153 


Total 

1,073 

5t>-Year 

Residential 

1 1 062 


Nonresiden tial 

218 


Total 

1,300 

100 -Year 

Residential 

1,174 


Konreei dential 

223 


Total 

1,397 

200-Year 

Residential 

1,218 


Nonresidential 

250 


Total 

1,468 

500-Year 

Residential 

1,287 


Nonresidential 

270 


Total 

1,557 
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Table 4 

Groonbrior River Baffin 
Average Annual Residential Flood DamagflB 


% 


Reach 

Avg, Ann, Damages 

permanent 

Warlinton 

242,700 

Ronceverte 

26,100 

Aldereon 

536,600 

Other 

226,600 

Total Permanent 

1,032,300 

Seasonal 

Alderaon 

4,600 

Other 

207,900 

Total Seasonal 

292,700 

Total Residential 

1,324,900 




nonresid ent If PtfVgtmrg PHMge . The Inventory of 

renidenrTrf 1 J ® tructur ss was updated concurrently with that of 
till ««« structures. The value of the contents of nonresiden- 
danLf C * CtUres waH determined at the same time. Expected flood 
ar^IIf 8 to , nonrea idential structures are based on the undated 
structure inventory and reflect January 1994 pri« levels 

undated - ^ Vltribe T flf Structures Affected According to the 
sEscemMe toT invent °T non residential strucfures are 
Almost the 500-year frequency flood level. 

Areas of MarU„?‘ '°V e9 * structures are located in the urban 
located in torlinton ° nce *' a " d Aldereon ' wlth about half 

lcvela a of e fwt r ® ° f nonresidential units are damaged at lower 
50-year flood^i 2 °I structures are damaged by the 

number of nonr^?,,153 structures by the 20-year flood. The 
flooding are »h^ e j“^ b ?I''“ CtureB d ™*9ed *=V various levels of 
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2- value of Damage . Average annuel damages to nonres- 
idential structures in the Greenbrier River Basin are Si, 303, , 

About AS percent of these damages are to structures located i n 
Marlifiton and Ronceverte. Damages to commercial structures 
constitute more than half {53 percent) of the damages to nonreei- 
dential structures. Damages to industrial facilities constitute 
another 3 9 percent of damages to non residential structures. 

Table 5 shows the average annual flood damages in the Greenbriar 
River Basin. 


c - Tr angw;rtaE?r9n Panwwsg- _ Transportation damages are based 
on estimates of the number of miles of primary and secondary 
roads that are inundated by various flood events. Average 
damages per mile of damaged roadway are based on actual damages 
incurred in the 1965 flood. These values were updated to reflect 
January 1994 price levels using the ENR Construction Index. 

Average annual transportation damages at January 1994 price 
levels are $56,400. A summary of all flood control benefits is 
shown in Table 6* 


D. Emergency Costg. Average emergency coats per damaged 
structure were computed, based on the 1965 flood, Prices were 
updated to January 19 94 levels using the PCE Deflator. It was 
assumed that average emergency costs per structure would decrease 
as the level of flooding decreased and would equal zero for the 
25-year flood and all lesser flood events. These average values 
were applied to the number of structures damaged by the various 
flood events to develop estimates of the average annual value of 
emergency costa. Average annual emergency costs at January 1994 
price levels are $226,400. 1 



ele *; Ptf ! UtY tiflfflflffl i n ■ utility damages include damages to 

le ? h ™' ga *' water - sanitary, and storm sewer ays- 
throuoh ^Tr XOn °? ac ^ 1965 flood was obtained^ 

officii T c C ? S Wlth utlllty com Panies and state and local 
BNH lentil ” ere updat<id January 1994 levels using the 

for ^^tion Index. Depth-damage functions were developed 

diff to determine damage amounts for 
were t:L ™ levels. Damages to telephone equipment, which 

etructnr* fl cver 3 wid « aLea ' were correlated to the number of 
images at a E f * Cted by eacb , fl ? od }' Bvel ’ Av *rage annual utility 
y at January 1994 price levels are $ 252 , 000 , 

p£ insurance -fttifrinist rai-tve cos^ * 

{FEMA} 6 94 Federal Emergency Management Administration 

Participate ?° meB and businesses in the Greenbrier River Basin 
istrative CO b? 5® federal flood insurance program. The admin- 
floodinq ppL 1 ° £ th * B program is an additional economic cost of 

for the Greenh^ re£K3 T ts annual administrative costs of $111,30? 
rift r River Basin, or $125 per policy. 
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Table 5 

Greenbrier River Basin 
Average Annual Nonranidentic1 Flood Damages 
by Type of Industry 




Avq, Ann. Damages 

f^nderC-ia! 

Marlinton 

505,400 

Eoncsverta 

38,100 

Aldarson 

77,700 

Other 

78,400 

Total Commercial 

697,700 

InduptE^Bi 

Marl inton 

7,000 

Roneeverts 

497,400 

Alderson 

0 

Other 

100 

Total Industrial 

504,400 

Municipal 

Marlinton 

9,600 

Roneeverte 

31,500 

Aldersoa 

9,700 

Ofch-e r 

5,500 

Total Muai 1il p Jll 

46,400 
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Table £ 

Greenbrier ftivor Baoin 
Summary of Av>» 9 t Annual Flood Damages 



Damage Category 

Average 
Annual Damage * 

Residential Structures 

$1,334,900 

NonresidentiaI Structures 

1,303,600 

Flood Insurance Admin¬ 
istration Costs 

111,600 

interest on bonus for Un¬ 
insured Losses 

192,500 

Transportation Damages 

86,400 

Utility Damages 

252,000 

Emergency Costs 

226,400 

Total 

3,499,600 

Reductlpn pf Inters at on Jteane. 

for Uninsured Flood 


bosses . Many homes and businesses must obtain loans in order to 
repair flood damages. The interest paid on these loans is an 
additional cost of flooding. Information regarding the number 
and size of loans acquired subsequent to the November 1965 flood¬ 
ing of the Greenbrier River was obtained from the Small Business 
Administration (SBA) . Average annual costs are baaed on the 
average loan interest costs per damaged structure and the number 
of structures damaged by each flood event. The average annual 
loan interest costs, at January 1994 price levels is $192,500. 


f 
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jl| r economic impacts of proposed alternative plans 

A , !!» A ^Tri=on pr ffopt Probable Without-Project Com^ , 

£l£Eb The without-project condition aseumee no action by the 
Federal government to implement any type of comprehensive flood 
damage reduction program in the study area. It reflects the 
continuation of existing economic, social, and environmental 
conditions and trends within the project area. 

inherent in the without-project condition is the continu¬ 
ation of Federally subsidized flood insurance coverage for 
property owners that is currently available through Ehe National 
Flood Insurance Program and the enforcement of local floodplain 

Ki?L^ The "Project condition requires no 

additional expenditures of Federal funds ho ___, 

or partial flood damage redoetteSl^^vSr ‘Trltlt 
Federal expenditures subsidizing the flood iisurancs ar»™ La 
assisting in flood recovery operations “ntinue P r °3«"» and 

al terna t i vea^uere^ evaluated !^Al ter native t^lrfd **** 1 ■ 
recreational development. Alternative 3 is f°dJS C i lldM min i mmD 

i^„c f £iood 

?«< indlcat e d 1 th^ a a i SL 1 proviSlng i 5-’Tf a ng £ reo°t dU r ed in 
Wterna ^"? 1 MbS^^g.!?** 9 " 

provfS^^/or^lood'control^tSL 10 "^?" f ri ^ r -S^i« and 
for Alternative 1 2™ f 0ntro l storage. Flood control benefits 

are sumSittTi* £blnT“ "" Table 7 and damage* 

alo B g^he r GreeSrL re e UCeB c ° re sidential structures 

™»ual blnlfite of e fi R ta| r 0 nK 9 \^ Tamt ’ siting in average 
5138„ooo! $ 1r186 f 900. Average annual residual damages 

ea located^^ rri 3 4 ve also P rovides flood protection to resident 
flood consol E2 Kanawha and Ohio Rivers. Average annual * 
fices a?Sng th^S efit 2 attributable to reduced flooding*esid- 
S «^*00, reap^^ a Rlver a * d Qhio Riv ^ are $200,300MSd 

Rivar^^ g redSS e S 0 w e ^ dentia V Str ?^' irea alon 9 Greenbrier 

^^ 268,400 and by 90 P ercentj wlth average annual benefit l of 
average annual residual damages of only% 3 s 20 i> 
Alternative 11 

« 1 also provides protection to nonresidentlal 
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fltrueturts located along the Kanawha and Ohio Rivers. Average 
annual fl&od control benefits attributable to reduced flooding of 
norrr^sia&ntial structures along the Kanawha and Ohio Rivera a ? G 
S 23 S|SOO and $423,SOO, respectively, 

„ E T”» ene ^ coa ^ a and transportation damages are reduced by 
«af e aoo Alternative 1 ‘ with average annual benefice of 

$222*500 and $04,600, respectively, 

fi^ A ina,^lf’ :iVe 1 reduces , the =«t of administering che federal 
P ro9ram ' flincet he number of residential and 
I str V cc “™,, 1 " e he 100-year floodplain declines by 
fed™? - SUnUn9 e thB racs o£ participation in the 

5SSi“trtffisr““ -J^as'saS’asj- 

The cost of interest on loans for unj„ finTO j flw , 
reduced significantly by Alternative 1 Damage r losses is 
and nonreeidential structures in the Gretnb^f^L re ® r ^ ntial 
reduced by more than $Q percent a simile 5 R JT er ® asin a ^e 
number and size of loaned the associated “ the 

yields average animal benefits of $ 176 , 200 , 6S payments 

$2M,e«M9? p“«nt) 3a by 3 Alternatiie C I. eqU1Praen,: reduceIi <* 

a £S5S^ SSrsS S3SL. 

detail descrinHrth <-u ng pier with handicap access A 

Cion of the beLfita £ aasociated a iith a rh faC i iitieS and ths der iva- 

^^Sideltnes 8 ' ftaplo^fSn**" dd a™ i ng 'Pr incip: e£ 

1 are ?7s“?o*; EKI P lo l flMfnt benefl| :s associated with Alternative 

^te^acive l reduces flood damage* in th^ 

^ 53 percenty with' total rwiduS fiSiSS^' 
to $5,445,^"^ sn ? ual for Alternative f L^nz 

■ * nd Ehe total P^^ent value of benefit* 
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Tabl* 7 

OrnanhrUi PW*i *"*in 

duMiry Of Hon»flta or Structural AJtafnativ*» 
(fl.atiti) 




AUarrWhiv* 


huattit Cat•gory 

1 

a 

3 





H#«ldantl*l dtruciur** 

Q-l a h itbr lor Rivar 

l t 10*.* 

l. r IBS. 9 

1.171.7 

Xui*vh« Rivar 

390.4 

300, % 

17*. S 

Ohio 

<*3.0 

493.0 

464.7 

Hmr«#14«ntUi Itmtur*! 

araonbri^r Ri^nr 

i,a»a,4 

1. 2611.4 

1,350.1 

XiniHlu River 

335.6 

111. 6 

207.4 

Ohio Rtvar 

<33.0 

433.9 

199,9 

Flood InsufftHGO Attain, 

Iflt*r*nt r [fl*nu Cor 

I1J 

63. & 

60.9 

Ufilnnurud Loamnn 

ITS. 3 

176.3 

179.1 

Transportation 

84 ,6 

14.6 

•3.2 

VtaitUa 

244.a 

244,9 

217.4 

fiaargantjr coata 

222.9 

333,9 

314.3 

Moraatlqn fiOnafita 

*0.9 

161.2 

46,9 

E*Vlr>ymmnt 

1*9,1 

1,031.9 

*•0.4 

wm, tmrtii 

8,443.1 

3,793,1 

1 ■ 41| 4 « 

” * “ 10* 

Sf.OI* 

73.243 

49. tit 
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Tmiilm A 

Oro*nhrt, T a*pin 

g luphvi fy of Dana?** of Structural Alternate-- 




Mtamativi 


ClHffU 

1 

i 

3 

Jtepidentiaj. JitniCturaa 

130,000 

130,000 

151,200 

Honrtaidential StPUCtureH 

3S, jou 

33, 200 

45,400 

Plood Insurance A-rJmin¬ 
istration coats 

49,300 

49,300 

50,900 

JPtSreot Oit Loans for Uci* 

insur«d Losses 

10,100 

IS,300 

17,400 

Transportation Damages 

1, 0 DO 

X, 900 

4,300 

Utility Danngoo 

7,200 

7,200 

14,400 

Efflftrgency Costs 

5, 900 

s, soo 

12,100 

TOTAL 

253,000 

253,300 

295,700 
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2. Alternative 2 Alternative 2 is identical to Alter¬ 
native l, with the addition of permanent storage for flow augment- 
cation and recreational use- This alternative provides exactly 
the same flood control storage and flood control benefits as 
Alternative 1* Only two benefit categories- recreation and 
tjisplo/ment benefits, change under this alternative. Flood 
control benefits for Alternative 2 are summarized in Table 7. 


Recreation benefits are larger, due to the expanded recrea¬ 
tion opportunities that are afforded by a permanent lake. The 
facilities are essential the same as those included under Alter¬ 
native 1, Average annual recreation benefits under Alternative 2 
are $161,100. 


Employment benefits of Alternative 2 are based on on-site 
construction cost# of $71.9 million. Average annual employment 
benefits are $1,031-900. 




Alternative 2 reduces total flood damages in the Greenbrier 
River Basin by 93 percent- with total residual damages of 
$253,300. Total average annual benefits for this alternative are 
$5,733-100- With a present value of $72-243,300. The average 
annual benefits and residual damages for Alternative 2 are 
summarized in Tables 7 and 8, respectively. 


3. ? Although previous studies indicated that a dam 

providing 5" of flood storage is the optimal size project for the 
Greenbrier River Basin, two smaller projects were also evaluated 
Alternative 3 is a dry at river mile 119 dam that provides 4" of 
flood control storage. Alternative 3 also includes several 
esign refinements that do not affect flood control capabilities, 
but that resulted in significant cost savings. 


ive ? 1S nearl y aa effective along the Greenbrier 
iJ^L!, U f n ^ iveB 1 f - 2 ' r “ ducin 3 flood damages S2 percent. 
anr *ual flood damages to residential and nonresident ial 
liff! increase by only $115-700 under Alternative 3 as eom- 
»wi t L AltflrnatAvee 1 & 2i * nd three-fourths of this increase 
along the Kanawha and Greenbrier River#. 


to thole Si fci ?2 benefits provided by Alternative 3 are identical 
Proved^^ Provided by Alternative 1- being attributable to im 
constructio! 6 t t'r dam Bite aru ? surrounding environ#, and the 

annual reorL? f a Joshing pier wrth handicap access. Average 
nation benefit# of this alternative are $ 60 , 9 oo. 

structio^eS? 11 benefits- based on $38.3 million on-site con 

Guidelines 1 T** com P uted « directed by Planning Principles 
3 are $soo wl' Employment benefits associated with Alternative 
tive eatimatea' /J^rnatmB 1 2 reflect the use of conserve 

®ite labor cobi- 1 the ® hare total costs accounted Cor by on 

Alternative 3 reflects the use of labor c©#t* 
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taken fro™ detailed engineering cost estimates, which contained a 
larg« r labor component than expected. 

The average annual benefits and residual damages for Alter¬ 
native 3 are summarised in Tables 7 and 8, respectively. Alter¬ 
native 3 reduces total flood damages in the Greenbrier River 
Basin by 92 percent, with total residual damages of $295,700. 

The total average annual benefits of Alternative 2 are 
$5,495,000, With a present value of $68,556,300. 

C, Nonetruetural Alt ernatives. Preliminary studies indi¬ 
cated that traditional nonetructural alternatives appeared to be 
feasible for the Town of Marl inton* in this study, sixteen sepa¬ 
rate nonstructural alternatives were evaluated. in these alter¬ 
natives, four levels of protection flO-yr., 20-yr., 50-yr. and 
lOQ-yr.) are considered for the three urban reaches and the rural 
Hinton-to-Buckeye reach, 

The flood control benefits associated with the nonstructura! 
plans are based on the estimates of flood damages used to evalu¬ 
ate structural plans. The benefits associated with the 10-year 
level of protection were estimated by assuming the elimination of 
damages resulting from the 10-year frequency flood and all lesser 
levels of flooding. Benefits for other plana were estimated in a 
similar manner. A summary of the benefits associated with the 
nonstructural plans is shown in Table 9. 


Table J 

Qraanbriax River basin 

flummery of Benefits of Honatruetur*l Alternative* 
(January 1*94 Dollaro) 



10 TttAH 

20 YHAR 

SO YEAS 

100 YEAR 

AVIJLMS annual 
BENEFITS; 

MjDKRSON 

KQHCEVERTe 

hwliwtom 

HINTON-B^JCKEVfi 

TOTAL 

$421 r €31 
$341,082 
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CloodryuTn ^structural alternatives include flood insurance. 
B Ystern« and flood warning and emergency evacuation 

the N at i f *7 J 0iir counties in tha study area are participants in 
tloodDlflin i-li ° a Insurance Program (NFIP1 which mandate* atiici 
P^in zoning ordinances. 
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Various local flood warning systems are currently in uae In 
the Greenbrier River Basin, However, the basin does not have a 
comprehensive flood warning and emergency evacuation system. 

Such systems improve the ability of residents and businesses to 
relocate structure contents and other damageable property and to 
evacuate the floodplain prior to flooding, consequently, they 
are effective both in reducing flood damages and in reducing the 
likelihood of flood-related fatalities. Five flood-related 
fatalities occurred during the 1985 flood. 

The benefits and costs of a coe^rehensive flood warning and 
emergency evacuation system have not been evaluated However 
the cost of implementing such measures is relatively low. and'an 
warranted 6 va 1 uat ion ° f chE ^ibility of thisplanis^he^fore 
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